FTD-MT-64-35B 


Qi 


FOREIGN  TECHNOLOGY  DIVISION 


lVLVj 


LENINGRAD.  UNIVERSITY.  HERALD.  PHYSICS  AND 
CHEMISTRY  SERIES  (COLLECTION  OF  ARTICLES) 


59 


1917 


1967 


r^P'D  C 

mMapm  nr: 


(OtftCN  IMIKflll' 

FOREION  TECHNOLOGY  DIVISION 


Distribution  of  this  document  is 
unlimited.  It  may  be  released  to 
the  Clearinghouse,  Department  of 
Commerce,  for  sale  co  the  pen'  rai 
nubll 


Raprcducad  by  fha 

ClfiARINSHPUSI 
far  Fadard  Sefantffic  &  Tadmtcal 
MormaNon  SpringfWd  Va.  12151 


FTD-MT-  64-358 

EDITED  MACHINE  TRANSLATION 

LENINGRAD.  UNIVERSITY.  HERALD.  PHYSICS  AND 
CHEMISTRY  SERIES  (COLLECTION  OF  ARTICLES)  | 

English  Pages:  217 


UR/0054-064-000-001  TP7500499-524 


THIS  TRANSLATION  IS  A  RENDITION  OF  THE  ORIGL 

NAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 

PREPARED  BYi 

ADVOCATED  OR  IMFLIED  ARE  THOSE  OF  THE  SOURCE 

AND  DO  NOT  NECESSARILY  REFLECT  THE  POSITION 

TRANSLATION  DIVISION 

OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  D|. 

FOREIGN  TECHNOLOGY  DIVISION 

VISION. 

WP.AFB,  OHIO. 

This  Document  Contains 
Missing  Page/ s  That  Are 
Unavailable  In  The 
Original  Document 

/ 


Alls  document  la  a  machine  translation  of  Russian 
text  which  has  been  processed  by  the  AN/GSQ-l6(XW-2) 
Machine  Translator,  owned  and  operated  by  the  United 
States  Air  Force.  The  machine  output  has  been  post¬ 
edited  to  correct  for  major  ambiguities  of  meaning, 
words  missing  from  the  machine's  dictionary,  and  words 
out  of  the  context  of  meaning.  The  sentence  word 
order  has  been  partially  rearranged  for  readability. 
The  content  of  this . translation  does  not  Indicate 
editorial  accuracy,  nor  does  it  indicate  USAF  approval 
or  disapproval  of  the  material  translated. 


VESTNIK  LENINGRADSKOGO  UNIVERSITETA 


God  Izdaniya  Devyatnadtsatyy 


No.  4 


Seriya 

Flziki  i  Khimii 

vypuafc  1 


Redaktsionriaya  kollegiya  serli: 

P.  P.  Pavinskiy  (otv.  redaktor), 

A.  V.  Storonkir.  (zam.  otv.  redaktora), 
S.  S.  Tolkacnev  (sekretar'), 

0.  N.  Grigorov,  I.  A.  D*yakonov, 

K.  Ya.  Kondrat'yev,  I.  0.  Mikhaylov, 
N.  P.  Penkin,  S.  E.  Frish 


Izdatel'stvo 

Lenlngradskogo  linlverslteta 


l 


1961* 

Page  1-167 


Ills  INDEX  CONTROL 


68  Trans lat ion  Nr 

00358 


64  Control  Markings 


X  Ref  Aec  Nr 


02  Ctry 

UR 


ransliterat 

URAVNENIYA  DLYA  VERSHINNYKH  CHASTEY  I  SVYAZANNYYE  SOSTOYANIYA 


09  English  Tit  Is  EQUATI0Ng  Fon  VERTEX  PARTS  AND  BOUND  STATES 


43  Source  LENINGRAD.  UNIVERSITET.  VESTNIK.  SERIYA  FIZDCI  I  KHIMII  (RUSSIAN) 


43  Author 


BRAUN,  M.  A. 


98  Doeuaent  Location 


47  Subject  Codes  20 


16  Co-Author 


16  Co-Author 

NONE 


16  Co-Author 
N 


39  Topic  Tags  1  nucleon,  nucleon  interaction, 
deuteron,  deuteron  interaction,  partiede 
physics 


I  TIC  XNDSX  CONTROL  FORM 
YrmnsTatToo  Nr  |R  x  Ref 

106400358  AP40244 


5  X  Ref  Acc  Nr 

AP4024455 


men 


43  <2as 

44  Control  Markings 

94  kmtnfcd 

UNCL,  0 

0 

1 

NONE 


ASSOTS I IROVANIYE  NUKLONOV  V  YADRAKH 
*k  T*tl*  ASSOCIATING  OP  NUCLEONS  IN  NUCLEI 

*  LENINGRAD.  UHIVERSITET .  VEST* IK.  SERIYA  FIZIKI  I  KHDOI  (RUSSIAN) 

g  99  Document  Location 

BUNAKOV,  V.  YE. 

BBr - TTiibJiKt  Codes  20,  18 


NONE 


NONE 


HONE 


59  Topic  Tags:  qUftntum  number,  wave  function, 
nuclear  binding  energy,  light  nucleus, 
nuclear  spin 


AMHmCt  the  connection  between  the  probable  existence  of  .  uclear  clustering 
tad  quantum  numbers,  characterized  irreducible  group  representations  of 
cosMUtatlon  and  orthogonal  groups  (forming  shell-model  wave  functions  of  a 
nucleus)  has  been  investigated.  The  relation  between  the  S-state  of  the 
two-nucleon  relative  motion  and  the  seniority  quantum  lumber  v  of  its  shell- 
model  wave  function  has  been  studied.  For  v  -  0  the  state  of  the  two-nucleon 
can  be  represented  by  the  J-state,  Using  the  seniority  operator  definition 


if  L  Aljf*!*  t  *>-(** +*)**.► 


A  similar  artlysis  is  unde  for  the  case  of  n  nucleons.  It  is  shown  that 
classification  by  the  ^v-irtum  number  [f]  and  a)  can  appear  at  the  same  time 
as  an  3-state  nucleon  '.eight  classification  Ip  relative  motion.  An  experi¬ 
mental  regularity  i*  found  to  be  present  in  the  values  of  binding  energies 
of  light  tiUC  lw  i  ,  which  assumes  the  existence  of  two-,  three-,  and  four- 
nucleon  clusters.  Hie  method  under  consideration  makes  it  possible  to  treat 
double,  triple,  and  quadruple  nucleon  correlations  on  the  basis  of  the  same 
effective  two-body  interactions  of  nucleons.  A  physical  interpretation  is 
given  for  the  experimental  facts  concerning  energy  advantage  of  states  with 
the  lowest  seniority  end  isotopic  spin.  "The  author  la  grateful  to  A.  I. 

Bea\,  Doctor  of  physical  and  mathematical  sciences,  and  to  Professors  G.  P. 
Drukarev,  V.  0.  Ippolitov,  and  V.  Feyfrllk  and  to  0.  A.  Chilashvili,  Candidate 
of  physical  and  mathematical  sciences,  for  their  valuable  help."  Orlg.  art. 
hast  e  formulas,  1  figure,  and  1  table.  togllsh  Translation:  15  pages. 
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The  partial  cross-section  transition  from  the  I -channel  to  the 
1-th  channel  for  complete  orbital  momentum  L  is  given  by 

^  ^'srrrl'vr* 

where  T  -  scattering  matrix.  A  three-channel  case  is  considered,  and  the 
resonance  effect.  In  the  Inelastic  cross  section  Is  also  considered. 

% 

The  nature  of  the  Inelastic  cross  section  c , anixnaly  near  the  threshold 
Kj  =  0  Is  studied,  and  it  is  shown  that  the  greater  the  probability  of 
Inelastic  processes  0.^  3nd  the  greater  w  11  be  the  anomaly  in  the 


threshold  K, 


0  of  inelastic  cross  section  o. 


12'  The  behavior  of  p-wave 

Inelastic  cross  section  a ^  near  the  threshold  of  seconu.n-y  Inelastic- 
reaction  is  Investigated.  Above  the  threshold  this  is  given  by 

-i  M4(i4+4>4+«4(M,+4H  4 

and  below  the  threshold,  by 
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"The  author  Is  grateful  to  0.  F.  Drukarev  for  evaluating  the  work." 
Orlg.  art.  has;  18  equations  and  1  figure.  English  Translation: 

5  pages. 
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ABSTRACT  a  theory  of  the  operation  of  the  nuclear  resonance  generator  in 
the  -  noth' r,  magnetic  field  is  given.  The  Puckard-Varian  theory  (Bull.  Amer. 
Phy  -.  ,j) e  No.  7.  1953)  is  reviewed  and  found  to  be  fefielent  for  eon- 

tin;;  -us  measurement  of  field;.  A  new  me?  h  >u  developed  by  the  author  in 
1  v'i  >  di s.-usscd  which  is  bused  -n  a  nu-- 1<  nr  res.  nance  generator  with 
■  'nt  i  nu  ’U.'  pi.'  1  a  r  l  at  Ion  of  a  f  low  In  i'noo  (water  In  this  case).  Tlie  water 
’’1  >v.v  through  a  , net i. ting  (i  larisat  :  n)  -  >il  f  strength  H  which  inducer. 

•i  nu  h  nr  magnetisation  M  in  the  fluid  i  r  -  rth'inl  to  field  strength 
H  +  H*(U0  -  t.  mu-trial  field.  The  1.1  pi;  i  then  flows  through  a  tube  into 

••  running  (<•  'h.ertngl  coil  which  creates  an  alter- sting  field  at  resonance 
frequencies,  A  m->  -k-up  test  is  describ'd  with  a  fl  -w  rate  of  100  cbk  per 
'  n  1  11  =  4 00  gauss.  A  similar  Instrument  utilising  the  Overhaul*. er  nuclear 
p  lari  at! ->n  method,  devised  by  A.  Abrauam.  J.  0<-mbris.  on  and  I.  Solomon 
(f  m:  .  r-nd.,  P4-  ,  1f7,  1  ,r7),  is  air.'  li.-'-u  -se.i.  The  »r.*l  »c  tj  expressions 
ni-  ■etninci  f.  r  the  magnetising  and  e.-rir  *  c>ils,  A  simplified  form  for 
pie*  1-  a  r  magnet.  Is  at  ion  in  a  time  interval  t>*  t  **•  is  given  by 


t  h  -i  ’ 

n  a  r  r  . 


time  >f  f  1 . -w  thr  >ugh  a  rolarle.  I  u>Ili  At  large  frequency 
the  alternating  pitas,  in  *  -  il  field  H.  exerts  only  a  high-speed 

u  X  r.  i  •  h  sr.all  ovaji.r  amp  1 1  tud*  s .  ut  «  H  it  Is  so  small 

n  •?  b»  bsrv-i.  The  haract  eristl  ■  f  the  generator  In  the 
••U *•*•!•  r.  c’r.  fir-  studied  In  ieta'l  and  given  as  two  mathematical 
.  Tfo  d  *.  -  use  L  s  is  extended  t  In  »•!*»  north  vnogeneity  effects 
.  *»rt  .  has:  4*  c-.juatl  *ns  and  11  figure-.  English  Trans. lationj  77  pages 
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ammkxx  The  p-spectrum  and  the  spectrum  of  conversion  electrons  of  Sb1'*-'  have 
been  studied  with  the  help  of  a  magnetic  spectrometer  type  "Ketron"  (B.  S. 
Dzhelepo/  and  A.  A.  Bashilov.  Izv.  AN  SSSR,  ser,  fiz.  14,  263,  1950)  with 
0.5£  resolving  power  and  a  magnetic  spectrograph  with  0.15#  resolution. 
Investigation  was  conducted  on  a  single  source  gpecimen,  chemically  separated 
and  neutron  irradiated.  Among  the  various  Sb1*^  measurements  conducted  were: 
the  P-apectrum,  K  and  L  conversion  spectra,  7-radiation  energy,  multipole 

order  transitions,  and  the  Sb1^  -Te  ^  decay  process  where  more  precise  data 
were  obtained  than  hitherto  possible  for  the  energy  of  145,  321.3  and  463.1 
Kev  levels.  ’’The  nuthors  are  grateful  to  V.  I.  Perrimond,  A.  A.  Zhdanov, 

«.  Stegalkina,  L.  Kolmy*kova  and  Yu.  Golubev  for  their  assistance."  Orig.  art. 
has:  5  figures,  4  cables,  and  1  formula.  English  Translation:  7  pages 
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ABSTRACT  The  orientation  angle  of  polymethylmetacryl  (PMMA.)  solutions  in 
tetrabromethane  for  six  fractionated  and  unfractionated  specimens  has  been 
studied  in  a  velocity  gradient  range  (shear  rate)  4  to  2000  sec-1.  The 
velocity  of  the  solvent  tj  varied  from  6  to  15.  C  cp.  In  the  region  of  small 

o  2 

velocity  gradients  it  is  shown  that  tan  2f/g  is  a  function  of  g  ,  where 
i>  «  ir/4  -  x  (x  -  angle  between  macromolecule  orientation  direction  and  flow 
velocity)  and  g  -  shear  rate.  A  general  parameter  gx  (t  -  Initial  slope  of 
extinction  angle)  is  found  to  correlate  the  experimental  data  successfully. 
For  gx  «  1  this  relationship  is  given  by  r,  i .  A  -M  ■  . 

i'1 


It  is  seen  that  tan  20  is  proportional  to  gx  for  gx  «  1,  and  for  gx  >  15  0 
the  coefficient  of  proportionality  changes  from  1  to  0.2.  For  tj  >  5  *  10"* 

poise,  A  =  0.23  ±  0.07  for  all  6  fractions  studied.  The  influence  of  the 
hydrodynamic  anisotropy  interaction  is  taken  into  account,  leading  to 

* 'j  ^  oorrooponding  viaooaltgr 

v?‘V+***)  •  Taa  sacnitude  of  double  refrootioa  ther.  bocovca 
+  +  whore  +  tmd  k  is  a  eouotrat. 

A  good  agreement  is  observed  between  the  theory  (taking  into  account  the 
hydrodynamic  anisotropy)  and  the  experimental  data.  Orig.  art.  has?  15 
formulas  and  7  figures.  English  Tiljnslation:  9  pages. 
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47  Subject  Codec  07 


39  Topic  Tags*  alloy,  hydrogen,  aluminum, 
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A  spectral  Isotopic  method  for  the  determination  of  hydrogen  in 
aluminum  and  in  some  of  its  alloys  has  been  developed.  Both  cast  aluminum 
alloys  and  pressure -worked  specimens  were  studied.  The  isotopic  equilibrium 
was  carried  out  on  cylindrical  specimens  5-6  mm  in  diameter,  weighing  10-20 
grams  at  500  C  temperatures  (much  lower  than  melting  point  of  aluminium), 
with  experimental  errors  in  hydrogen  volume  determination  of  the  order  of 
0.05  +  0.01  cm^.  The  isotopic  equilbrium  duration  in  Mg,  Mn,  and  Cu  alloys 
wal  25-30  min.  The  type  of  treatment  previously  used  on  the  specimen  showed 
no  observable  effect  on  the  isotopic  exchange.  The  residual  hydrogen  content 
measured  for  the  various  aluminium  alloys  was  0.1-0. 2  cjik/100  gm.  This 
method  enables  one  t.o  determine  separately  the  gas  content  in  the  surface 
layer  as  well  as  in  the  bulk  of  the  aluminum  specimen.  Because  of  hygro¬ 
scopic  films  observed  cm  the  aluminum  and  the  absorption  of  water  vapor, 
some  of  the  aspects  of  the  sorption  and  desorption  of  hydrogen  in  the  sur¬ 
face  oxide  layer  were  also  studied.  "The  authors  wish  to  thank  Professor 
A.  N.  Zaydel'  for  the  advice  given."  Orig.  Art.  has:  4  tables  and  1  figure. 
English  Translation!  6  pages. 
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ABSTRACT  Assuming  that  the  broadening  of  the  0_  telluric  lines  is  due  to 
collision  attenuation,  the  line  contour  can  be^described  by  the  expression 


»  Mi  1  ' 

(«-  i 


for  lines  whose  intensity  at  the  line  center  is  zero.  Several  lines  in  the 
spectrum  of  the  center  of  the  solar  disk,  which  satisfy  this  condition,  were 
scanned  photometrically  to  determine  the  mean  free  flight^time  Tq.  Investi¬ 
gation  of  the  P^g  line  in  the  A  band  (wavelength  7659*37  A)  gave  TQ  -  8.4  x 
x  10-I2sgc.  Measurements  at  3060  m  above  sea  level  of  the  Pg  line  (wavelength 

7632.17  A)  resulted  in  the  value  To  =  8.21  x  10'12  sec.  A  theoretical  cal¬ 
culation  based  on  the  kinetic  theoTy  of  gases  leads  to  a  mean  collision 

Q  'I 

frequency  of  2  x  lCr  sec""  for  Og.  The  discrepancy  is  due  somewhat  to 

Doppler  broadening  but  primarily  to  the  nonuniform  distribution  of  oxygen 
in  the  atmosphere  and  to  the  differences  of  pressure  and  temperature  in  the 
various  layers  of  the  atmosphere.  It  is  concluded  that  from  the  observed 

values  of  T  a  more  orecise  model  of  the  standard  atmosphere  cam  be  made. 

o 

Orig.  art.  has:  8  equations  and  2  figures.  English  Translation.  4  pages. 
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ABSTRACT  The  activities  of  the  components  of  the  solid  solutions  NaCI  — 
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ABSTRACT  The  methods  of  Investigation  of  the  oxidation  rate  of  metals  and 
alloys  during  heatings  of  short  duration  (about  seme  seconds)  up  to  the 
high  temperature  have  been  developed.  It  has  been  shown  that  copper  oxi¬ 
dation  during  heatings  of  short  duration  (10-20  second^  up  to  1020-1070°  C 
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ABSTRACT  The  formation  of  ascorbic  complexes  of  the  elements  of  the  second 
and  third  groups  of  the  periodic  system  (excluding  strontium  and  mercury) 
causes  variations  in  the  absorption  spectra  of  simple  salt  solutions:  the 
maxima  of  light  absorption  increase  and  sometimes  shift  into  long  wave  region 
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iated  with  the  displacement  of  the  absorption  band  of  ascorbic  acid  into  long 
wave  region  (Zn,  Cd  and  elements  of  the  third  group,  excluding  B);  obtained 
for  some  elements  are  negative  values  of  optical  density  in  the  X  *  520-370 
mult  region,  i.e.  light  absorption  decreases  (Be,  Zn,  Cd,  B,  Al,  Sc,  Y,  La, 

Ij,  Dy,  Ho,  Er,  Ln)|.  there  appear  new  maxima  (Mg  320-340  n*ik;  Ca  and  Ba 
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ABSTRACT 

It  has  been  demonstrated  by  the  present  Investigation  that  ion-exchange 
resins  KY-2,  KB-4R-2,  CBCP,  3fl3-!0-ri.  AH-!.  AB-17  are  not  oxidised 

by  0,06  n  solutions  Fea(SO^at  (H+!==10-*-  5-*—^  ;  the  resins  AB- 
•17  and  KB-4I1-2  are  not  oxidised  by  0,02  n  solutions  NH,VO,  at  |H*|  = 
*  iff1  -  8-tp  and  Ky-2  -  at  (H+j  =»  10~T  -  2,6 ;  KB-4n-2  is  not 

oxidised  by  0,02  n  solutions  KAtO,  at  (H+|  -  10""  -  2,6 .  and 
AB-17  —  at  fH*j  —  10"*— 10~*^  ;  all  Investigated  Ion-exchange  re¬ 
sins  are  oxidised  by  0,02  n  solutions  KMnO«  at  [H*]  —  10“"  -  5  ■ 

According  to  their  stability  towards  oxidants  ion-exchange  resins  can 
be  arranged  In  a  row  as  follows:  KB-4  fl-2>  AB-17  >  KY-2  >AH-1  > 
>  CBCP  >  3A3-IO-n  >  A6-16. 

The  partial  oxidation  oi  the  ton-exchange  re*lns  by  0.02  n  solution 
K£r«0<  has  been  stated  to  have  practically  no  effect  on  the  exchange 

capacity  value.  English  Translation;  6  pages. 


5T  "Ace  Hr 

TP7500517 


5#  Tran*latle5  Mr” 

8 


9?  Nttdax  C1m>  *9  Claa 

jfe  te«L>Ba 


Km  |«4 

.  Q  I 


trol  Murkiaf* 


X  Ref  Ace  Nr 


in 


m?- . jyWJ 

Tsaans^^  fiil* 


J&L 


wnzr/fi' 

1654  14b 4 


Hr 


94  bipanalo^  40  Ctry  Info 

diftr— 


k| 

' .TV|  FT,  M  |H  JTVB  i  r 

NONE 


I  ORTQFOSFQRNOY  KISLOT 


09  English  Tit  Iff  UPRARSD  ABSORPTION  SPECTRA  OP  ANHYDROUS  SULFURIC  AND 

- QigalffaaagHQRifi  icra  .. _ _ _ 

49  Source" 


LENINGRAD.  UNIVERSITET.  VESTNIK.  SERIYA  PIZIKI  I  KHIMII  (RUSSIAN) 


49  Aether 

SHCHUKAREV,  S.  A. 

98  Dooua«nt  Location 

16  Co-Ant  aor 

47  Subject  Codes  07 

BAUCHEVA.  T.  Q. 

16  Oo-Aathoar 

BORCHA.  K.  YA. 

99  Topic  Tags:  8Ulfuric  acid,  sulfuric  oxide, 
phosphoric  acid,  phosphorus,  hydrogen 

16  Co-Aatfcor 

KUKHAREVA,  M.  A. 

compound,  orthophosphoric  acid,  hydrogen 
bonding 

16  Co-Aatbor 

NONE 

The  lnfra>re<l  absorption  spectra  from  3700  to  2350  cm"1  of  concen¬ 
trated  anhydrous  sulphuric  and  orthophoaphoric  acids  at  20°  C  and  in  the 
region  of  valent  0-H  vibrations  at  -40°  c  have  been  studied.  The  roughly 
estimated  values  of  the  force  constant  and  those  of  the  interatomic  C-H 
bond  length  in  these  acids  point  to  the  considerable  increase  of  the  strength 
of  hydrogen  bonds  among  molecules  in  the  series  HC10Jt<  HjSO^  as  the  length 

of  the  0-H  bond  increases.  Molar  absorption  coefficients  of  sulphuric  and 
orthophoaphoric  acids  have  been  determined.  English  Translation:  6  pages. 
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EQUATIONS  FOR  VERTEX  PARTS  AND  BOUND  STATES 
M.  A.  Braun 

There  exists  a  point  of  view,  according  to  which  in  the  usual  dispersion  . 
approach  or  in  the  method  of  double  dispersion  relations  at  least  part  of  the  poles 
of  amplitude  and  residues  at  them  are  not  arbitrary,  but  are  determined  through 
other  poles  and  residues.  Particles  associated  with  such  poles  are  naturally 
considered  to  be  compound,  i.e.,  bound  states  of  independent  particles.  No 
convincing  results  here,  unfortunately,  have  yet  been  obtained.  If  we  make  certain 
approximations  (finite  number  of  partial  waves,  consideration  only  of  nearby 
singularities) ,  then  the  appearance  of  poles  corresponding  to  the  bound  states  can 
be  observed.  In  work  [1]  such  a  method  was  used  for  finding  bound  states  of  a 
nonrelativisitc  particle  in  a  potential  field,  and  turned  out  to  be  fully 
satisfactory.  However,  there  are  expressed  opinions  that  the  limitations  on  the 
position  of  poles  and  their  residues  which  appear  during  approximate  calculations 
an  essentially  connected  with  the  approximations,  and  may  be  absent  in  exact 
Uieory.  Another  weak  place  such  an  approach  to  the  problem  of  bound  states  is  the 
fact  that  determination  of  bound  states  should  occur  simultaneously  with  the  finding 
of  ill  scattering  amplitudes  —  a  problem  of  incredible  complexity. 

HLankenbecler  and  Cook  [2]  recently  proposed  another  method  for  the  study  of 
bound  states,  based  on  vertex  parts.  Authors  considered  a  nucleon-deuteron  vertex 
in  the  lowest  nontrivia t  order  of  perturbation  theory,  and  disregarding  spins 
obtained  an  equation  for  mass  of  deuteron.  With  consideration  of  spins,  the 
'  quatlon  was  not  obtained,  but  it  was  possible  to  estimate  the  ratio  of  D-wave  to 
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.m 


o-wave  In  the  ground  state  of  the  deuteron. 

The  present  work  is  dedicated  to  generalization  and  development  of  method  of 
Blankenbecler  and  Cook.  We  will  try  to  avoid  perturbation  theory. 

W«  will  everywhere  consider  scattering  amplitudes  to  be  uniquely  defined  by 
known  quantities.  We  will  not  be  concerned  with  the  question  of  their  construction. 
Aw  It  turns  out  within  the  hounds  of  contemporary  theory  it  is  impossible  to  decide 
whether  it  is  indeed  possible,  on  the  baais  of  the  equations  obtained  in  this 
method,  to  consider  the  deuteron  to  be  a  bound  state  of  nucleons.  If,  however,  this 
la  assumed  from  the  very  beginning,  the  equations  actually  make  it  possible  to 
determine  approximately  the  mesa  of  the  deuteron  through  the  masses  ir-mesons  and 
nubleona  and  their  constant  of  interaction.  In  this  work  we  will  consider  all 
particles  to  be  spinless. 

We  will  designate  by  F(e,  t)  and  Q(a,  t)  the  usual  invar iant  amplitudes 
(divided  by  16  w)  for  the  reactions  ♦  %  -*  *2  +  N2  8111(1  "l  +  N1  "*  D  +  N» 

respectively.  Variable  a  in  both  cases  is  (p_  +  p„  )2  and  t  *  (p  -  p  ) 2 

"i  ”1  "l  r2 

for  the  first  reaction  and  t  -  (p  -  p  )2  for  the  second.  We  will  introduce  two 

1  » 


vertex  parts: 


<  Ol/w»!  *"  >*.  *-(** +*•)*; 

(Jj,  -  nucleon  current). 

For  vertex  parts  in  the  interval  (m  +  u)2  s  s  s  (m  +  2u)2  the  following 
relationships  of  unltarlty  will,  obviously,  be  accurate:1 

hsy<s)«f  (1) 

imrM-^(i)w*Ma,(s).  (pi 

Fq  and  G0  represent  S-waves  of  corresponding  amplitudes  F(s,  t)  and  >.;(s,  t)  and 
function  /(s)  is  the  boundary  value  on  the  upper  side  of  the  section  s  *  (m  +  v. 
of  the  function 


the  re  1st  ion  of  unitarity  for  F^  and  G„  with  the  same  s  have  the  form 


Am  and  u  are  the  mass  of  the  nucleon  and  r-meson. 


(3) 

l1*) 


The  main  assumption  which  we  take  as  the  basis  of  our  reasoning  is.  Just  as 
in  [2],  the  assumption  of  the  fact  that  V  and  W  represent  the  analytical  functions 
in  the  whole  complex  plane  except  the  section  along  the  real  axis,  diminishing 
as  As  some  Justification  to  the  latter  we  can  cite  work  [3]  about  the 

behavior  of  vertex  parts  at  large  values  of  the  argument. 

We  will  consider  FQ  and  to  be  given  functions.  Besides  s,  they  contain  as 
parameters  the  constants  of  the  irNN-bond  g  and  NND-bond  f,  and  also  the  mass  of  the 
ir-meson  u,  of  the  nucleon  m,  and  of  the  deuteron  If  we  consider  that  equations 

P 

(l)-(4)  are  assurate  at  all  s  t  (m  +  p,)  ,  then  from  (1)  we  can  determine  V  through 
Fq  and  from  (2)  we  can  find  W  through  V  and  GQ.  After  this  we  must  require 
fulfillment  of  the  evident  conditions: 


(5) 

»(«•)•/■ . 

(6) 

Condition  (5)  can  always  be  satisfied,  inasmuch  as  equation  (i)  determines  V  with 
an  accuracy  up  to  a  constant  factor.  After  that  condition  (6),  as  one  might  think, 
gives  an  equation  connecting  the  quantities  f,  g,  m,  u,  and  As  we  will  see 

below,  the  basic  contribution  to  W  is  Introduced  by  members  proportional  to  f. 
Therefore  f  drops  from  equation  (6)  and  there  remains  the  bond  between  g,  m,  u,  and 

“d’ 

p 

If  fact  we  should,  of  course,  consider  that  starting  with  s  -  (a  +  2u)  new 
members  containing  nonelastic  amplitudes  are  added  to  the  right  sides  of  equations 
(l)-(4),  At  present  consideration  of  these  members  is  impossible.  We  can  only 
refer  to  the  usual  argumentation  that  nearby  peculiarities  give  the  main  contribution, 
later  we  will  pause  In  slightly  greater  detail  on  the  question  of  how  much  the  highest 
amplitudes  can  change  the  qualitative  and  quantitative  side  of  the  arguments. 

Very  curious,  however,  is  the  fact  that  even  in  disregarding  the  contribution 
from  highest  amplitudes  conditions  (5)  and  (6)  by  no  meanB  always  lead  to  a 
'direction  between  masses  and  constants  of  interaction.  This  is  explained  by  th< 
f  it t  that  equation  (5)  can  have  not  one,  but  several  linear- independent  solutions. 

(A  discussion  of  this  question  will  be  conducted  below.)  First  of  all  we  must 

p 

consider  that  th^  Jump  K  is  different  thin  zero  also  at  s  <  (m  +  u)  (anomalous 
threshold! . 
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Dispersion  Relation  for  W 

In  order  to  find  Jump  W  in  the  nonphysical  region,  we  will  resort  to  analytic 
continuation  by  aass.  The  general  schene  of  calculations  is  presented  In  work  [4] 

where,  indeed,  a  considerably  staple  case  is  examined.  We  will  consider  the  mass 

bf  the  antinucleon,  appearing  in  determination  of  V,  equal  to  Vm<»  .  Then  the 

physical  regions  will  cower  beams  and  At  sufficiently 

2 

small  x  the  region  s  s  (m  -f  2u)  of  interest  to  us  will  become  physical,  and  we 
will  be  able  to  write  the  dispersion  relationship 

where  a(s,  x)  -  V  (s)Oq(s,  x).  In  (7)  our  main  assumption  is  used:  l'— 0  as  |*|  —  oc. 

Now  It  is  necessary  analytically  to  continue  (7)  in  terms  of  the  variable 
2 

up  to  x  ■  >  ,  The  possibility  of  such  a  continuation  is  assumed.  Let  us  assum* 

<• 

also  that  in  the  second  integral  in  (7)  the  continuation  is  carried  out  in  trivial 

form,  i.e.,  Im  W(e,  x)  la  replaced  by  In  W(a,  m2).x  In  the  first  integral  the 

gutter  la  more  complicated.  a(s,  x)  aa  a  function  of  x  has  a  singularity .  Thi 

o 

amplitude  00(e,  x)  has  s  right  section  when  s  *  (m  +  u)  and  a  left  section  which 
approaches  in  the  complex  plane  #.  With  a  growth  in  x  the  origin  of  the  left 

p 

section  emerges  on  the  real  axis  and  at  x  »  xQ  it  reaches  to  point  s  =  (a  +  u)  . 

This  prevents  ierect  the  analytic  continuation  of  expression  (7)  in  t-  rms  cr  x. 

2 

Singularities  of  Gq(o,  x)  in  terms  of  variables  s,  when  s  *  (a  +  u)  ,  are 
detenalned  by  conditions  t  »  t^  or  u  ■  uQ  when  cos  t)  -  ti;  t  and  u  are  Mandelst  ir 
variables  for  amplitude  G(s,  t,  x)  expressed  through  s  and  the  cosine  of  the 
scattering  angle  in  the  system  of  the  center  of  mass  (c.  m.  s.),  .  os  c:  t0  and  ... 

sre  singularities  0(*»  t,  x)  in  teres  of  the  corresponding  Mandelstam  variables. 

2  2 

The  nearest  singularities  are  obviously,  poles  tQ  -  ®  and  uQ  -  «£.  The  folL  wi: 

2  2 
singularities  are  t^  •  (■  +  u)  and  uQ  »  (2m)  . 

2 

Let  us  consider  the  closest  singularity  t  «■  a  .  When  cos  *•  *  :l 

w n  re  and  are  magnitudes,  of  }  momrntums  of  the  * -me son  and  J< -ut<  ror  in  .r. 

n. 

4-  -  nn. 

lMe  consider  only  the  lowest  anomalous  threshold. 
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Equation  t  -  m  gives  four  values  of  s  in 
which  singularities  of  GQ  occur:  s  *  -co, 

s  -  0  and  two  more  values  s^  and  8g.  When 

o 

x  <  (m  -  u)  8^  and  8g  are  complex.  When 


Fig.  i.  Singularities  ^  and  Sg  x  »  (m  _  singularities  a±  and  s,  emerge 

cf  the  amplitude  GQ.  Arrows 

indicate  the  motion  of  singularities  on  the  re&1  4x18  411,1  dlver*e  V4riouB 

during  an  increase  of  x  from  8lde8  in  the  )»<•<(•+*  . 


during  an  increase  of  x  from 
(m  -  u)2  to  m2. 


If  we  consider  s,  *  Sg,  then  when 

,  and  with  the  subsequent  increase  in  x,  s^«  moves  to 

2  ° 
the  left.  When  x  -  m  the  singularity  occupies  the  position  s^(m‘‘).  We  know  that 

2 

«,t%4al.  Designating  ,  where  y  is  small,  we  will  find  correct  to  y 


4<*)»«>+V+te  VT3F=?-^.  (8) 

During  the  analytic  continuation  we  should  consider  x  to  be  complex: 

x  =  +  ix2.  We  will  take  Xg  <  0  and  Xg  «  i.  Then  the  singularities  s^(x)  and 

2 

Sg(x^  of  amplitude  G0(s,  x),  proceeding  from  singularity  t  -  m  ,  with  an  increase 
2  2 

of  >' ^  from  (m  -  u)  to  r*  will  circumscribe  the  lines  which  are  shown  in  Fig.  1. 
Co  that  the  singularity  s^x)  does  not  hinder  analytic  continuation  with  respect 
to  x,  path  of  integration  in  (7)  should  be  displaced  to  contour  C,  depicted  in  th 
same  figure.  This  signifies  the  addition  of  a  new  section  of  integration 

M**)<  s  <(•+*>«. 

2 

If  we  consider  other  singularities  wht::.  t  e  (m  +  u)  or  u  •  uQ,  then  it  turn. 

o 

out  that  on  plane  s  singularities  of  Gq(s,  x),  net  reaching  up  to  (m  +  u)  with  an 

? 

increase  of  x  up  to  m  correspond  to  them.  Therefore  these  singularities  do  not 

finder  the  analytic  continuation  with  respect  to  x. 

a-  separate  from  0^( s ,  x)  that  ter®  which  has  the  sirigularity  corresponding 

2 

a.-a.-MJ,  .  a;  does  not.  contain  singularities  connected  with  t  •  m  , 
ti.e  •••cr.tr itut lor.  of  Q,  to  (7,1  continues  with  respect  to  x  trivially.  3,, 


represents  an  S-wave  for  only  one  diagram  (Fig.  2): 


lurlrg  whim  The  trarch  cf  the  logarithm  whl'f  is  real  when  r.  <  >1  tri  :  d  i  is 


Fig*  2.  (m  +  *)*  ♦  10  to 

tAHnm  cor*  .  .8  1Q 

ms  pond  log  to  l» 


^  m  selected.  When  s  decreases  from  (m  +  u)c 

jpn™  u  "V^*<r  t0  "  u)^  regaining  higher  than  the 

*  J  ^ real  axis,  z  describes  the  curve  depicted 

In  Pig.  3.  At  the  point  a  -  s,  GA. 
f  ^  .  Fig.  5,  Behavior  of  s  3  01 

with  a  change  in  s  from  undergoes  the  first  discontinuity. 

BUgrwa  cor.  !*  *  *}»  *  *°  Thii  *ean*  that  throu*h  Polnt  *3  on 

responding  to  \*  *  h)  ♦  10, 

plane  s  there  passes  a  complex  section 
perpendicular  to  the  reel  axis.  For  tr.e 
ant  .lytic  continuation  with  respect  to  the  aass  it  is  wore  convenient  to  consider  the 
function  0^(8,  x),  coinciding  with  0^  whan  a  *  s^  but  not  having  a  complex 
section.  After  the  section,  obviously,  .  In  the  Interval 

8,<s<%  tma^+t.  *)-■£  • 

Vertex  part  W(s,  x)  when  x  <  Xq  can  be  written  in  the  form  Vu?4-ft  .  By  W 
we  designate  dispersion  Integrals,  continuing  with  respect  to  x  In  a  trivial  for.. 


In  the  Interval 


-CD* 


rins.i*'.  xi 


where 


xj-r(oa»(v.  x).  vwo+v.  4. 


We  will  take  advantage  of  the  fact  that  according  to  (1)  the  function  V  (s)  can  l- 
continued  analytically  on  the  upper  half .plane  s,  and  we  will  displace  in  (10)  tt* 
integration  contour  to  curve  C  (see  Pig.  1).  Then 

x)~s^s\  a)}  (ID 

(Klgns  "♦*  and  " pertain  to  vmlu_-  of  a^  on  the  upper  and  lower  parts  of  the  loer 
of  integration).  When  x  <  xQ  the  second  term  is  equal  to  rero. 

For  the  function  a^{a,  x)  It  Is  possible,  in  turn,  to  write  th<  dispers'er. 


re  lationship 


•.  U.  * 


Corrcvr  C,  Includes  the  re  raining  icft  sectlor.s  proceeding  both  from  v.j  t 

a  wt 

V  .  Ail  of  then  do  r.ot  reach  point  s  •  (»  ♦  u)*.  When  x  >  xQ  point  z^  rounds 
4\  *  u)c ,  and  with  the  analytic  cor.tlnuatlon  Sj  in  the  firs'.  Integral  we  sr — .  1 1 
turn  to  the  second  lamina  of  the  function  IsA*  We  find  wher.  x  ,■  x. 


It  follows  from  this  that  when  x  >  xQ  in  the  interval  *iUX«<(«+pf  the  difference 
is  nonvanishing  and  is  equal  to 

dBtw  <«> 

2 

Wo  will  find  that  when  x  »  m  for  W  the  accurately  aisperaion  ratio 

«■**!*  »■  »*** 

(15) 

2 

Let  us  note  that  Im  W  is  continuous  at  point  s  *  (u  +  u)  . 

Equations  for  the  Bound  State 

If  we  disregard  the  contribution  of  multitail  amplitudes  and  very  high  energies, 
then  the  dispersion  relationship  (15)  together  with  equation  (1)  allow  the 
determining  of  V  and  W  in  terms  of  quantities  FQ  and  GQ,  considered  to  be  Known. 

The  question  appears,  indeed,  whether  relationships  (5)  and  (6)  lead  tc  the  bond 
between  constants  g,  f,  m,  u  and  entering  into  FQ  and  GQ,  and  is  net  this  bond 
the  result  of  the  approximation  made. 

Let  us  assume  now  that  disregard  of  multitail  amplitudes  and  very  high  energies 
1  :  valid  with  all  s’s.  We  will  consider  that  in  the  dispersion  relationship  05)  the 
. u s t  member  Is  negligible,  and  that  equation  (1)  is  accurate  when  all  s  i  (m  +  u)  . 

In  this  case  »>  can  find  V(s)  in  the  general  form  in  terms  of  S-phase 
•hN-seattering.  If  when  »-••**-* «(«+!)  (■•*<),  ±1.  ±  J.  ,  ,  then,  as  is  we  1 1  - 

Kr.owi.  (5),  equation  (1)  allows  for  VI  independent  solu?  ior.s.  When  *<0,  JmO  ; 
when  «>0*nd  i > 0.  wh  n  4>0  and  1*0,  imma  .  A  general  solution  of  *he 

•  j.-tlon  is  obtained  from  the  solution  diminishing  fastest  of  all  by  multiplication 

>  polynomial  P.  ,(s-  with  arbitrary  coefficients.  Substituting  the  found  V 

•  lr  *  ]uaiitj  1 15 :  we  uniquely  determine  W. 

iwt  uv  turn  to  relationships  (5)  and  ' b 1 .  Only  in  one  case  do  they  immediat*  Ly 
•*  bond  between  the  masse*  and  constants  of  interaction:  if  i  •  X.  With 
.•  :$  determined  correct  to  the  constant  factor,  which  is  found  from  (5) . 

'  :  tin.  :<  '  gives  the  unknown  herd. 

If  I#  I.  th«  pict  ur*-  changes  fundamentally.  *f  •  *  0.  then  the  equation  •, 
is.  ■  r-  rii.  Jr  rot  ha o  iutiors,  if  •  1.  n  relationships  (5'  and  (Cl  a r* 


f 


case  the 


satisfied  with  arbitrary  masses  and  coupling  constants,  i.e.,  in  this 
particles  are  independent. 

It  is  possible  to  introduce  into  the  consideration  not  one  state  with  a 
nucleon  charge  2  (deuteron)  but  several  with  a  sses  and  coupling  constant;, 

/*,  *11  the  arguments  would  be  applicable  to  each  of  the  vertex  parts 

ID 

VP  '  +or  these  particles.  The  number  l  of  linearly  independent  solutions  of 
equation  (1/  can  be  naturally  interpreted  as  the  number  of  Independent  particles 
(including  the  nucleon).  The  l  relationships  on  the  mass  surface  allow 

uniquely  fixing  of  all  l  arbitrary  constants.  The  remaining  particles  prove  to  be 
states  of  independent  particles.  Their  masses  and  constants  of  interaction  are  not 
arbitrary  but  satisfy  the  relationship  in  which  W  no  longer  contains 

arbitrary  constants.  It  is  curious  that  the  nuBber  of  independent  particles  in  this 
model  is  3imply  connected  with  the  asymptotic  behavior  of  when  and  is 

accessible  to  experimental,  observation. 

In  a  real  case,  when  contributions  from  more  distant  sections  are  considered, 
it  is  impossible  to  determine  the  number  of  independent  solutions  for  V  and  W  in 
the  contemporary  thecry.  We  believe,  however,  that  qualitatively  the  picture  does 
not  change,  i.e.,  a  definite  number  of  independent  solutions  exists,  and  this 
number  in  principle  can  be  obtained  experimentally.  Some  support  for  this 
conviction  can  be  found  in  the  fact  that  if  equations  (i)  and  (2)  are  supplemented 
by  the  contribution  of  two-particle  amplitudes,  appearing  during  very  high  energies 
(for  instance,  frem  intermediet  tites  Fb),  then  the  character  of  the  solutions 
does  rot  change,  although  the  bond  between  the  number  of  independent  solutions  and 
the  experimentally  observed  quantities  is  east  .tlally  compi:  _ated. 

From  what  has  been  said  it  follows  that  at  present  it  is  impossible  to  decide 
whether  relationship  (5)  and  (6)  can  actually  serve  for  determining  parameters  of 
the  deuteron  or  whether  the  deuteron  is  an  Independent  particle,  and  relationship 
(5)  and  (6)  serve  for  the  determination  of  constants  in  V  and  W.  The  answer  to 
this  question  requires  an  investigation  of  V  and  W  when  t-*oo  .  We  can  however, 
assume  from  the  very  beginning  that  the  deuteron  is  a  bound  state,  i.e.,  that  only 
oh  solution  exists  for  V  and  W.  Then  equations  (5)  and  (6)  become  nontrivial, 
it'  solutions  of  equations  (5)  and  (6)  in  the  assumption  about  the  uniqueness  of  V 
Slid  '!  give  a  reasonable  value  of  the  mass  of  the  deuteron,  then  this  is  a  strong 
art  ament  in  favor  of  "connectivity,"  of  a  nonelementary  character  of  the  deuteron. 
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Otherwise  the  deuteror.  is  sn  independent  particle. 

In  the  following  section  we  will  briefly  discuss  Lhe  question  of  the 
approximate  calculation  of  V  and  W  in  the  assumption  about  their  uniqueness. 

Determination  of  the  Mass  of  the  Deuteron 
2 

During  the  calculation  of  W(m  )  the  main  role  in  the  dispersion  integral  is 
played,  by  low-energy  domains  of  integration,  mainly  the  anomalous  domain.  This 
is  explained,  on  the  one  hand,  by  the  assumed  decrease  in  W( s)  with  large  s's  and, 
on  the  other  hand,  by  the  proximity  of  the  anomalous  threshold  (8)  to  the  point 
s  =  m1-  and  the  behavior  of  Im  W(s)  when  ssbjh*.  Near  s  =  m  ,  Im  W  is  great,  since 
it  is  proportional  here  to  1/y  (let  us  remember  that  **=4**— and  >  is  small). 

It  is  necessary  for  us  to  know  therefore  the  vertex  part  V(s)  with  s  lying  in 
the  region  of  m  .  For  the  determination  of  V  the  condition  of  unitarity  (1)  is  at 
our  disposal,  which  can  be  rewritten  in  the  form 

V*  <#)»•«  *r<»)+r(«).  (16) 

where 

!«*(*,(*)) 

V+  and  V'"  are  values  of  V  on  the  upper  and  lower  boundaries  of  the  section;  r(s)  is 
the  contribution  from  the  inelastic  terms,  r  *  0  when 

If  r(s)  were  a  given  function,  the  solution  (which  we  consider  to  be  unique 
and  correct  to  the  coefficient)  could  have  been  writen  in  an  evident  form.  We 
could  then  directly  verify  that  the  when  «—«**  the  quantity  V(s)  is  a  slowly 
varying  function  of  values  of  «(*)  and  r(s)  when  t>«*  (see,  for  instance,  [5]). 

More  exactly,  their  influence  would  be  reduced  to  the  multiplication  of  V  by  the 
factor,  which  is  immaterial  in  view  of  the  condition  (5).  In  fact  it  is  impossible 
to  consider  r(s)  as  a  given  function,  since  r(s)  itself  depends  on  V.  Nevertheless, 
wo  will  assume  that  in  this  case  the  behavior  of  V(s)  in  the  region  of  low  energies 
immaterially  depends  on  values  bg(s)  and  r(s)  with  large  s,  under  the  condition 
that  the  solution  remains  unique.  Then  the  approximate  solution  of  equation  (16) 
can  be  constructed,  for  instance,  in  this  way.  Let  us  reject  r(s)  in  general, 
and  e>0(  s),  and  starting  from  some  large  value  s  «  N  we  will  replace  the  constant 
h^(N).  If  in  the  interval  the  phase  6Q  does  not  pass  through 

resonance,  then  the  solution  to  the  new  equation  will  be  unique  and  eq^al  (see  [5]) 


Pig.  4.  Dependence  of 
y  on  g  with  different  a. 
tn  the  interval  Ml  <  •  «  --i 
no  solutions  exist. 


In  the  integral  we  should  consider  when 

t>M;  ;  A  is  an  arbitrary  constant,  which  is 

determined  from  (5). 

The  use  of  formula  (17)  requires  knowledge  of 
the  S-phase  of  irN-scattering  in  the  interval 
*■+*)•<*<*  .  The  phase  can  be  taken,  for  instance, 


from  experiment.  In  our  spin-zero  model,  for  the  purpose  of  illustration  of  the 
method,  it  is  reasonable  to  start  from  the  rougher  approximation,  in  which  it  is 
necessary  to  know  only  the  length  of  the  rtf-scattering. 

In  the  vicinity  of  s«(«+i»f  the  vertex  part  of  V  on  the  basis  of  (1)  is  in 


the  form 


(cf.  [4]).  Functions  and  v2  are  analytic  in  the  vicinity  of  (m  +  v.)  and  there 
can  be  expanded  in  series  in  powers  of  1$  +  •  Constants  of  *£} 

are  determined  uniquely  from  (5)  and  the  requirement  of  realness  of  the  right  side 


of  equation  (1): 


sP— stW, 


a  is  the  length  of  S-scattering  «+Af-»«+Af  .  The  remaining  terms  will  be 
disregarded,  since  in  the  main  domain  of  integration  p^  is  small.  By  this 
consideration  we  replace  quantity  p+WV'* {«)<!•(«)  in  integral  (15)  by 


'-•I 


(the  difference  is  proportional  to  p£).  We 


obtain  for  W(m  )  the  expression 


where 


Fquciolng  i  >0)  to  constant  f ,  we  find  an  equation  not  dependent  on  f  and 
determining  in  terms  of  g,  m,  u  and  a.  Represented  In  Fig.  4  is  the  obtained 


on  the 


ji  :  ej;i cnee  o:'  quantity  7,  connected  with  by  the  equality  i*  , 

constant  frN- interaction  of  g  with  different  values  of  the  scattering  length  a. 

.’he  system  of  units  h  =  c  =  ii  =  1  is  used.  In  view  of  the  model  character  of  the 
problem  these  curves  have,  mainly,  an  illustrative  value.  We  would  like,  however, 

v 

ro  point  out  the  reasonable  order  of  magnitude  of  the  coupling  constant  g,  needed 
for  t. no  appearance  of  a  bound  state,  and  the  natural  character  of  the  dependence  of 

on  t\. 
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Summarv 


The  system  of  dispersion  theoretic  equations  for  the  vertex  parts  * 
NN  and  NND  with  a  nucleon  off  the  mass  shell  is  studied  in  the  low 
energy  region  In  the  spinless  particle  model.  The  anomalous  threshold  is 
calcu’ated  by  analytic  continuation  in  the  mass  variable.  Under  the  assump¬ 
tion  that  the  deuteron  is  a  bound  state  of  the  nucleons,  an  equation  Is 
ootained  for  the  determination  of  its  mass,  (aagu*h  smmary) 
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ASSOCIATING  OF  NUCLEONS  IN  NUCLEI 


B.  Ye.  Bunakov 

At  present  much  attention  is  paid  to  the  question  of  the  existence  In  nuclei 
of  nucleon  associations.  There  are  numerous  of  experimental  data  indicating  the 
presence  of  such  associations  in  nuclei.  However,  thus  for  the  use  of  the  shell 
model  of  the  nucleus  has  enjoyed  the  greatest  success.  With  its  help  it  is 
possible  (although  roughly)  to  predict  the  sequence  of  levels  in  nuclei  and  the 
characteristics,  of  the  levels,  to  calculate  the  probability  of  different  processes, 
etc.  The  weakest  point  of  the  model  of  the  shells  lies  in  the  calculations  of 
binding  energies  of  the  nuclei,  i.e.,  the  very  region  in  which  the  model  of  nucleon 
associations  proved  itself  very  well  (see,  for  instance,  [1]). 

It  is  known  that  the  shell  model  of  independent  particles  reduce*,  all  real 
two-nucleon  interactions  to  a  certain  averaged  self-consistent  potential.  However, 
from  first  the  steps  of  this  model  it  became  clear  that  this  potential  only  very 
roughly  reflects  the  properties  of  real  interactions  between  nucleons.  For  a  more 
exact  description  of  the  nuclei  a  computation  of  the  effective  residual  paired 
Interactions  is  necessary. 

Taking  into  account  all  the  above-mentioned,  it  is  of  interest  to  try  to 
design  a  model,  which  in  the  bounds  of  the  model  of  independent  particles  (with 
the  preservation  of  all  its  valuable  properties)  will  allow  the  consideration  of 
the  associating  of  nucleons  in  nuclei.  It  is  natural  to  examine  such  associating 
with  the  help  of  different  residual  Interactions  between  nucleons. 

The  asr.umpt.ion  was  earlier  declared  [?]  on  the  fact  that  nucleons  which  are 


ir»  an  S-state  with  respect  to  each  other  (in  a  system  of  their  general  center  of 
mass)  interact  most  Intensely  in  the  nucleus.  The  given  assumption  will  be 
fundamental  in  our  article.  In  accordance  with  this  association  we  will  use  the  nanu 
m  nucleons  for  that  group  of  m  nucleons  found  in  an  S-state  relative  to  each 
other.1  The  thus  defined  associating  of  nucleons,  in  distinction  from  "radial" 
associating  (for  instance,  the  usual  a-model),  can  be  called  "energy"  or  "angular." 

In  this  work  we  will  show  the  bond  between  the  probability  of  existence  of 
such  associations  in  the  nucleus  and  the  quantum  numbers  characterizing  the 
irreducible  representations  of  a  group  of  transpositions  and  orthogonal  group 
(aysplectic  group  for  the  J-J  bond),  on  which  the  orbital  wave  function  of  the 
given  state  of  the  nucleus  will  be  transformed.  Further  we  will  consider  which 
residual  interactions  lead  to  the  associating  of  nucleons  in  the  nuclei. 

1.  In  the  article  of  A.  I.  Baa'  [2]  it  was  shown  thst  in  order  that  in  a 
group  of  n  nucleons  the  S-state  of  the  relative  motion  of  m  nucleons  be  reulized, 
it  is  necessary  that  among  lines  of  the  scheme  of  Young  [f]  of  the  n-nucleon  state 
there  be  at  least  one  line  h>m.  It  such  lines  of  are  several,  then  in  this 
state  there  can  be  several  such  m  nucleon  groups. 

Let  us  now  turn  to  the  question  on  the  bond  of  the  S-state  of  the  relative 
motion  of  two  nucleons  and  the  quantum  number  of  seniority  v  of  their  orbital  wave 
function.  Let  us  consider  the  spatial  part  of  the  wave  function  of  two  nucleons 
in  the  state  with  seniority  v  -  0: 

I#1  m  L  -0  W  !•(•,.  *)|j£ ,  (1) 

where  is  the  radial  part  of  the  wave  function  of  the  l -nucleon  in  Independent 
particle  model;  r,  are  radius-vectors  of  individual  nucleons  in  the  system  or 
center  of  mass  of  the  nucleus;  f,  and  h  are  spherical  angles  of  vectors  r, 

8iid  rt . 

The  angular  part  of  the  wave  function  (1)  can  be  presented  in  the  form  (see, 
for  instance,  [3]), 

where  is  the  angle  between  vectors  r,  and  . 

1Thi8  means  that  every  nucleon  of  our  group  is  in  an  S-state  with  ref*-rf  n>-< 
to  any  other  nucleon  of  this  same  group  [2], 


-1 C- 


Let  us  now  accomplish  a  transition  to  new  coordinates,  K ■  pJJSL  is  the 

„  *•  • 

radius  vector  of  the  center  of  mass  of  the  two  nucleons;  r«  is  the  radius 

vector  of  the  relative  motion  of  nucleons.  We  designate  the  spherical  angles  of 
vectors  and  r  as  •  and  *,  f  respectively. 

Elementary  trigonometric  computations  give  the  ratio 


(TF+^1 


where  a)  is  the  angle  between  vectors  r  and  j$.  Consequently,  in  the  new  coordinates 


fl)  will  take  the  form 


[2|  00>«*(r,  R,  *)/* (cos •)• 

R)  Kf  <•««,  ♦)  >?(•,  vK 


During  the  deviation  of  this  formula  we  took  advantage  of  the  fact  that  in  the 
case  v  =  0  the  two-nucleon  wave  function  is  invariant  to  rotations,  and  in  the 
sc  Lection  of  the  new  system  of  coordinates  let  us  assume  great  arbitrariness. 

This  arbitrariness  is  the  result  of  the  fact  that  we  consider  the  motion  of  two 
noninteracting  nucleons.  The  real  two-nucleon  interactions,  obviously,  will  lead 
to  such  changes  of  wave  functions  of  individual  nucleons  that  the  angular 
dependence  of  the  two-nucleon  function  of  form  (2)  will  become  the  only  possible 
one.1  In  case  of  the  oscillator  potential,  wave  function  (1)  is  expanded  into  a 
sum  of  wave  functions  of  S-states  of  the  relative  motion  of  two  nucleons  with 
different  main  quantum  numbers  n.  However,  for  us  this  is  immaterial.  The  energy 
advantage  of  the  S-state  for  the  central  short-range  interaction  consists  in  its 
angular  isotropism  near  the  origin  of  the  coordinates  (i.e.,  where  the  force  of 
interaction  is  maximum).  The  presence  of  nodes  for  the  wave  function  far  off  from 
the  origin  of  the  coordinates  is  immaterial  for  the  energy  of  the  Interactions 
considered. 

Thus,  the  state  of  the  two  nucleons  with  a  ceniority  v  »  0  can  always  be 
represented  as  the  S-state  of  the  relative  motion  of  the  two  nucleons.  In  caBe  w#0 
during  the  transition  to  the  new  system  of  coordinates  in  function  a 

tv  rm  will  .ppear  not  depending  on  the  angular  coordinates  of  vector  r,  but,  together 
win.  it,  t;  rms  will  be  present  containing  this  dependence;  i.e.,  the  weight  of  the 
j -state  Is  lowered  (see,  for  instance,  the  calculations  of  A.  I.  Bar’  for  nucleons 


‘The  author  tnanks  A.  I.  Bar.’  who  turned  attention  to  such  a  possibility  of 
»n*  rhyr. l--cl  Intf  rpretation  of  formula  (2'. 


of  the  p-ahell  [2], 

Let  us  now  turn  to  the  case  of  n  nucleons.  It  Is  known  that  every  state  of 

3 

n  nucleons  can  be  characterized  with  help  of  the  operator  of  seniority 

where 

*>«<*+ 

The  mathematical  expectation  Q  shows  what  number  of  pairs  |P.tO)  is  contained  in  the 
st'tte 

Prow  the  above  it  is  clear  that  the  greater  the  values  of  operator  0,  the 
greater  the  weight  with  which  they  will  enter  into  our  configuration  of  the 
S-etate  of  the  relative  motion  of  the  two  nucleons.  It  is  known  [3]  that  the 
wathewatical  expectation  of  operator  Q 

where 

is  the  eigenvalue  of  the  Casiair  operator  of  the  group  of  unitary  unimodular 
transformations  Stfe»«  (/», /*...  lines  of  the  Young  diagram  l/lk 


is  the  eigenvalue  of  the  Caaimir  operator  for  the  group  of  orthogonal  transform  ^  icr 
Am  (•*.  *  are  numbers  characterizing  the  irreducible  representations  of 

group  connected  uniquely  with  the  number  of  senority) . 

2.  Thus,  we  6ee  that  the  classification  by  quantum  numbers  I/J  and  u>  is  at 
the  same  time  a  classification  by  weights  of  nucleon  S-states  of  relative  motion 
contained  in  a  given  state.  Inasmuch  as  the  interaction  of  nucleons  In  the  S-stnt. 
Is  maximum,  then  the  most  favorable  from  the  energy  viewpoint  will  be  the 
configuration  of  n  nucleons  containing  the  maximum  number  of  groups  of  nucleons 
in  S-states  and  with  a  maximum  weight,  l.e.,  a  configuration  with  a  maximum  lengf. 
of  lines  of  the  Young  diagram  for  the  spatial  part  of  the  wave  function  and 
wifi  minimum  numbers  -.d  (with  minimum  seniority). 

In  the  independent  particle  model  there  is  degeneration  by  quantum  numb*  rc 
w  and  i>.  This  is  natural,  since  all  Interactions  of  the  nucleons  art  red  i ■•*  <1 
to  ai  averaged  self-consistent  field,  it  i:  possible  to  remove  the  degene  rat  i  n, 
only  with  help  of  computation  of  some  residual  interact  ici  s  tetweei  ti.<  nur  l*  . -n.;. 


These  interactions  will  be  responsible  for  the  association  of  the  nucleons. 

Taking  into  account  all  the  considerations  about  the  energy  role  of  S-atates 
ar.J  about  their  weight  In  the  n  nucleon  wave  function,  we  must  select  residual 
interactions  so  that  they  are  maximum  for  states  with  maximum  f^,  and  minimum  Jif . 

Such  interactions  in  the  model  of  the  L-S  coupling  are  a  very  broad  ciaaa  of 
'  entral  forces.  For  the  p-shell  this  will  be  any  mixture  of  Wlgner  and  Marjorana 
forces  [4].  For  the  d-shell  any  mixture  of  Wlgner  and  Majorana  forces  gives  us 
matrix  elements  of  residual  interactions  depending  on  Slater  integrals  [4].  Having 
used  the  appraisal  of  these  integrals  for  the  d-shell  carried  out  by  Swlateclti  [5]* 
we  are  convinced  that  if  the  effective  radius  of  residual  interactions  does  not 
exceed  the  radius  of  the  nucleus,  then  any  mixture  of  Wlgner  and  Majorna  forces 
will  also  be  the  class  of  residual  interactions  which  we  need. 

In  case  of  the  ugram  of  the  J-J  coupling  everything  is  slightly  more 
complicated.  Here  there  clearly  exist  states  of  two  nucleons  with  seniority  w^O. 

* 

being,  however,  in  an  S-state  relative  to  the  motion.  Such  a  state  will  be  the 
isotopic  singlet  T  -  0,  the  space-spin  part  of  the  wave  function  of  which  will  be 
|y*/= |  jM,>  .  But,  as  before,  every  pair  of  nucleons  with  *««0  |//»0JH,»0>  is  in 
an  S- state  of  relative  motion.  Proof  of  this  is  found  analogously  to  the  case  of 
the  I -S  coupling.  It  is  necessary  only  to  remember  that  the  S-state  of  the  two 
nucleons  in  case  of  the  isotopic  triplet  T  «  1  is  realized  only  when  their  spins 
art  ar.tipar&llei. 1 

The  above -considered  operator  Qn  I*.  where 

6) 

for  the  J-J  coupling  will  have  the  magnitude  of  mathematical  expectation  [6J: 

r<r+  0+10+ u. 

*!:•  re  n  Is  tne  number  of  nucleons  in  the  subshell  J,  v  is  the  seniority  of  the 
state  .i'\  T  is  the  isotopic  spin,  and  t  is  the  reduced  isotopic  spin  of  the  system. 

Hence,  it  is  clear  that  the  smaller  are  v  and  T,  the  greater  the  nucleon 
pairs  'ornected  in  an  S-state  of  the  relative  motion  will  be  present  in  the 


‘inasmuch  as  the  wave  function  of  two  identical  particles  (two  neutrons  or  two 
i  rot  on  s'1  always  belongs  to  the  state  T  »  i,  in  examining  the  interactions  of  Identical 
; articles  the  pure  S-atate  of  the  two  nucleons  will  appear  only  in  the  case  v  *  0. 

Our  results,  thus,  are  of  interest  for  the  case  of  intermediate  and  heavy  nuclei, 
sli'-r  here  interactions  of  identical  particles  are  considered. 


given  configuration  of  n  nucleon  pair*  l.e.,  the  more  suitable  the  energy  sttte. 

I 

Aa  In  ths  cas*  of  the  L-3  coupling,  for  nonmteracting  particles  a  degeneration  el' 
atataa  with  respect  to  T,  v,  and  t  will  take  place. 

Lat  uawgaln  consider  the  form  of  residual  Interactions,  removing  these 
degenerations  In  such  a  Banner  that  the  energy  of  interactions  is  maximum  for  the 
least  values  of  T  and  v  and  the  largest  values  of  t.  These  interactions,  obviously, 
will  be  responsible  for  the  associating  of  nucleons  in  S-states.  We  again  arrive 
at  the  concluaion  that  such  properties  will  be  possessed  by  different  central 
forcest  for  the  subshell  any  mixture  of  Wigner  and  Heisenberg  forces  [}); 

for  /■f  definite  combinations  of  sll  forms  of  exchange  nuclear  forces.  In  the 
articles  of  Talmi  and  Uma  (6),  (7]  there  was  consideration  of  such  a  fens  of 
Interactions.  Por  tbs  energy  of  interaction  of  n  nucleons  of  configuration 
the  following  expression  was  obtained: 

f~rcr+  +*<*+»)'  (- 

Parameters  6  and  c  were  determined  from  experimental  data  by  levels  and 

binding  energies  of  nuclei  of  the  shell  y»»y .  The  best  agreement  with  the 

experiment  Is  obtained  for  the  following  values  of  p  and  c:  for  the  subshell 

f—  tin  i — f  ;  for  the  subshell  4t  -IjH. '">0.70  .  For  subshe  ll  Jwmt  suet 

T 

a  for*  (3)  of  energy  of  Interaction  can  be  obtained  only  for  basic  states  of  nu ' 
under  the  condition  that  tne  seniority  it  a  good  quantum  number.  However,  fo.  u« 
case  of  the  interaction  of  identical  particles  of  the  aubahell  j'—j.  the  de pender. 
of  the  energy  of  Interaction  on  the  aenorlty  of  for*  (3)  is  retained  [6]. 

Thus,  we  can  confirm  that  the  above-mentioned  residual  interactions,  which 
agree  well  with  the  experiment,  will  lead  to  the  associating  of  nucleons  being 
in  an  3-state  of  motion  with  respect  to  one  another. 

*».  Let  us  now  consider  the  basic  states  of  the  nuclei.  They  should  be 
characterised  by  the  value  of  the  operator  Q.  Furthermore,  as  we  have  u<  >  > 

In  the  case  of  L-S  coupling,  when  the  symmetry  of  the  spatial  part  of  the  wave 
function  it  uniquely  characterised  by  Young's  scheme  |/|  ,  this  diagram  indicates 
,s,.ai  groups  of  ■  nuc*eona,  being  in  S-states,  can  be  contained  in  give: 

:  .cleoo  wave  function.  In  case  of  two  nucleons  in  the  bssi-  s*ete  (diagram 

iOung  [2])  this  can  be  «+p,Ja  or  2p.  In  caae  of  three  nucleons  (s<~r>eme  of  •  i  '  ] 

thla  la  ts-f#  or  bp«fs,  l.e.,  associations,  analogous  to  the  nuclei  ,i  ar.d 


'i 
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In  t f .<  ■  h r. * •  of  ‘"our  nucleons  -  u'-h'-me  of  Young  [4])  this  Is  ,  i.e.,  an  analog 

of  t  ro  i-Lsr'  lie.  In  case  of  five  nucleons  (scheme  of  Young  [4i])  this  is  He*+* 
o  r  He4  -f-  p,  i  t  - . 

From  an  energy  point  of  view  wc  should  expect  that  nucleons,  being  in  S-states, 
r.ore  strongly  connected  with  each  other  than  with  the  remaining  nucleons. 
Therefore,  for  instance,  a  six-nucleon  group  with  the  scheme  of  Young  i ^*2]  is 
■  r  to  s;  Lit  into  two  groups  with  schemes  of  i oung  [4]  and  [2]  than,  let  us  say, 
into  groups  with  schemes  of  Young  (*]  and  (3).  From  this  there  Immediately  follow 
tie  rules  for  selection  from  schemes  of  Young  in  the  various  reactions,  which 
were  dls'-u^sed  in  report  [8],  Hence  also  the  periodicity  in  the  binding  energy  of 
the  la  nucleon  which  was  discussed  in  articles  [2]  and  [9].  The  periodicity 
-.roe  of  binding  energies  of  the  last  nucleon  indicates  the  presence  of  associations 
frcr.  three  nucleons.  Actually,  in  the  case  of  only  paired  and  fourfold  aasociatirg 
dii.-;  would  be  observed  on  the  curve  of  the  binding  energy  for  >4  *  4« + 3  (see  Figure 
iT*- i ! ir.inary  appraisals  of  binding  energies  with  the  help  of  calculation  of 
r  .'I* on  associating  by  the  above-mentioned  procedure  provide  a  shape  of  the  curve 
o:  •!.*  1  Inding  energy  of  the  last  nucleon  agreeing  well  with  experimental  data. 

x»  ■’  'alculation  of  the  binding  energy  of  the  last  nucleon  is  outside  the  scope 
c'  v.l-  work  «no  will  be  subsequently  undertaken. 

Inasmuch  as  the  S-state  of  four  nucleons 
and  two  protons,  we  can  predict  that,  for  Inst  si  , 

it  is  easier  to  extract  triton  from  than  Hr 
(see  table  .  Let  us  :„.»alder  that  experimental 
data  op  binding  energies  of  "‘ifferert  nucleon 
associations  in  light  nuclei  (table'.  In  * 
eoecllatlon  of  the  table  data  of  articles  f  1-' ; 
aiid  ;  1  i }  were  used. 

Tata  of  the  table  confirm  the  existence  • 


■  rlmeut  ai  curve  of  binding 

•  ,  '  2] .  The  dotted  line 

■  urve  for  the  case  of 
■  ..  'T’.r<  i  and  fourfold 

•  •  l  a  t  1 1.,’ . 


the  connection  between  nucleon  as5-*c  iatir.g  nr  i 
o  .•  »•  ’  r  s  ■;  i  r.-  '  vrtital  wave  function  of  the  nucleus.  I*  sr.o-id  be  not*  d 

•  ;  •  •  f  works  of  * i ldensc’iff.  and  cth«  rs  '  for  instar.-e,  in  II]  .  the  *‘r u- 

-•  ;  ssolatior.s  l-  each  nu'leas  was  determined  with  a  great  deg  re*  of 
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The  table  gives  data  only  for  certain  randomly  selected  nuclei.  In  general, 

such  a  regularity  is  observed  for  all  nuclei  in  the  region  of  4<30.  It  should  be 

noted  that  into  the  binding  energy  there  enters  not  only  energy  of  residual 

interactions,  but  also  the  binding  energy  of  nucleons  in  a  self-consistent  fielu. 

It.  is  clear  that  two  nucleons  are  bound  in  the  self-consistent  field  more  strongly 

than  one.  However,  the  role  of  reBidual  interactions  is  so  great  that,  for  instance, 

10 

to  extract  a  neutron  from  the  nucleus  B  is  more  difficult  than  to  extract  a 
deuteron  (Bee  table).  With  an  increase  in  A  the  role  of  the  Coulomb  interaction 
increases,  which  conceals  the  observed  regularity. 

The  author  wishes  to  thank  Doctor  of  Physic  and  Mathematic  A.  I.  Baz',  Prof. 

G.  F.  Drukarev,  V.  G.  Ippolitov,  V.  Feyfrlik,  and  Candidate  of  physics  and 
mathematics  G.  A.  Chilashvili  for  their  valuable  discussions. 


A  relation  between  the  nucleon  clustering  and  the  form  of  shell-model  wave 
function  of  a  nucleus  is  considered.  A  large  class  of  effective  two-body  interaction 
is  shown  to  cause  clustering.  An  experimental  regularity  is  found  to  be  present  in 
the  values  of  binding  energies  of  light  nuclei,  which  assumes  the  existence  of 
.wo— ,  three-  and  four-nucleon  clusters.  The  method  under  consideration  makes  it 
possible  to  treat  pairing,  triple  and  quadrunucleon  correlations  on  the  basis  of 
the  same  effective  two-body  interactions  of  nucleons.  A  transparent  physical 
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inte rpr<  ■  -i’  ! or.  Is  given  for  the  experimental  facts  of  energetical  advantage  of 
•’etfs  vi".  tp.  lowest  seniority  and  isotopic  spin. 
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NEAR-THRESHOLD  BEHAVIOR  OF  THE  INELASTIC-SCATTERING 

CROSS  SECTION 

T.  V.  Zhikhareva 

As  Ross  and  Shaw  [1]  indicated,  the  behavior  of  sections  near  the  threshold 
of  new  channel  is  conveniently  investigated  with  the  help  of  M-matrix,  connected 
with  the  matrix  of  reaction  of  the  K  relationship 

(i) 

where  k  is  the  momentum,  and  l  is  the  orbital  moment  of  the  channel. 

Near  the  threshold  of  a  new  channel,  where  the  sections  can  undergo  considerable 
changes,  elements  of  the  M-matrix  are  smoothly  changing  functions  of  energy.  In  the 
approximation  of  the  effective  radius  the  first  two  members  of  decomposition  of 
in  powers  of  energy  are  considered 

The  Initial  expression  is  the  relationship  between  the  M-matrix  and  scattering 
matrix  T 

The  partial  cross  section  of  the  transition  from  the  i-channel  to  the  i-channel 
for  the  full  orbital  moment  L  equals 

a  tt 4- 1  iv  n 

(*0 


-?5- 


In  the  present  work  the  ease  of  the  three  channels  is  conslaered,  and  the 
resonance  effect  and  behavior  of  the  cross  section  of  the  first  inelastic  reaction 
o12  near  tne  threshold  of  the  second  inelastic  reaction  <«,«b0)  arc  studied. 

If  in  the  problem  on  electron  scattering  on  atoms  we  can  disregard  the  spin- 
orbital  interaction,  then  the  full  orbital  moment  L  and  full  spin  moment  S  and 
their  projections  and  Mg  on  the  separate  direction  are  separately  retained. 
Therefore  in  examining  the  bond  M  — of  levels  of  atom,  L=tt~  where 

is  the  orbital  moment  of  the  electron  in  the  1-channel, 

Near  the  threshold  of  the  second  Inelastic  reaction  when  I  electrons  are 

formed  in  the  state  with  the  orbital  moment  equal  to  zero;  consequently,  only  zero 
partial  waves  of  elastic  scattering  o1;L  and  of  the  first  inelastic  reaction  a±2 
can  lead  to  this  reaction.  Thus,  tia^ai^aO. 


1.  Resonance  in  the  Inelastic  Cross  Section  o12 


D~l  * 

0HA~to|«<Mn  -  tei)  {Mn-UWMm- fe,) +S*.|AU*»- 
—  ““  ^*i)  ^l»  (^m  ~~  S). 


(5) 


Below  the  threshold  of  the  second  Inelastic  reaction 
to  present  (5)  in  the  form 


It  is  convenient 


_ +  *W*nK^<» 4  4)— 


(6) 


Calculations  are  carried  out  disregarding  ML,  «>5,  1  +  k 


The  condition  of  resonance  in  the  cross  section  o^2  below  the  threshold  gives 


Considering  the  weak  bond  with  the  new  channel,  when  the  matrix  elements  of 
the  K -matrix  connecting  the  old  channels  with  the  new  one  are  small,  we  can  confirm 
that  just  as  in  the  case  of  elastic  scattering  [2]  the  prethreshold  resonance  in 
tne  inelastic  cross  section  is  observed  only  under  the  condition  Mm<0.  The 
existence  of  this  resonance  is  connected  with  the  capacity  of  the  attracting 
potential  to  create  a  bound  state  of  the  particles  forming  in  the  second 
inelastic  reaction.  For  the  resonance  to  be  narrow.,  the  diagonal  interaction  in 
the  new  channel  should  at  least  be  sufficient  to  form  the  bound  state,  and  the 
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nor.dl  aper.si  Ir*«r%  Mens  with  t r*  third  channel  should  be  sasll. 


(7  'll!  if  rewritten  thus: 

In  the  author's  work  [2]  It  Is  shown  that  the  position  of  the  prethresholl 
resonance  in  the  elastic  cross  section  can  be  presented  in  the  analogous  form 

*■+**- 

Therefore,  if  the  elastic  channel  is  not  connected  with  the  second  inelastic 
channel  namely,  AfntaO,  then  the  position  of  both  resonances  coincides  and  on  the 
curve  of  the  complete  cross  section  a  narrow  resonance  is  observed.  The  presence 
of  this  <bond  results  in  the  resonance  in  the  complete  cross  section  being  eroded. 

Let  us  show  that  the  approximation  of  the  effective  radius  allows  describing 
only  one  prethreshold  resonance.  Let  us  use  (2)  below  the  threshold 

|  (8) 

and  substitute  (8)  in  (16).  Then  from  the  condition  of  resonance  from  *,  a 
quadratic  equation  having  two  roots,  is  obtained;  coincides  with  (7),  and 
Hut.  the  second  resonance  is  artificial,  because  the  domain  of  applicability  of  the 
approximation  of  the  effective  radius  is  determined  by  the  condition  [1] 


In  particular,  in  work  [3]  in  the  singlet  case  two  narrow  resonances  in  the 

elastic  cross  section  were  obtained,  of  which  the  second  turned  out  to  be  artificial, 

since  In  the  region  of  its  location  the  highest  members  of  decomposition  of  the 

* 

matrix  are  very  large  (of  the  order  of  10-i(r). 


2.  Threshold  Behavior  of  o^2 

Let  us  consider  the  character  of  singularity  of  the  inelastic  cross  section 
in  the  threshold  .  From  (5)  we  can  obtain 


•  I 


-1 


•mllZ'mi W'  * 

ft 


above  the  threshold 

. below  the  threshold 


(10) 


is  a  constant  not  depending  on  «,  and  Kl.  f'aic*'. lfi*  Ions  are  made  diart  gardlr  c 

JH,  a  >  3,  ( +  K. 

Hence  for  identical  signs  of  and  Mgg  the  case  M„<0,  Mm<0  corresponds 
to  the  singularity,  step,  and  the  case  Af„>0,  ^*>0  to  the  peak.  As  we  will 
subsequently  see,  In  the  case  of  different  signs  the  type  of  singularity  is 
determined  by  the  largest  of  the  sections  o ^  and  Ogy 

Let  us  show  that  the  quantity  of  the  singularity  in  cross  section  o^g  is 
proportional  to  the  sun  of  the  cross  sections  of  inelastic  processes  a ^  and  o^. 

Prom  relationship  (3)  it  follows 

D~l , 

i  (H) 

r«-(*A)T  M  O''  ■ 

Producing  the  calculation  in  the  same  approximation  m  Khlch  (10)  is  obtained,  we 
have 

I  r.f. 

Thus,  the  greater  the  probability  of  inelastic  processes  o ^  and  o^,  the 
larger  the  singularity  in  threshold  «i*»0  in  the  inelastic  cross  section  r^g. 

Let  us  note  that  in  work  [*]  on  the  cross  section  of  the  creation  of  the 
A-hyperon  near  the  threshold  of  the  creation  of  the  2-hyperon,  the  singularity 
in  the  partial  differential  cross  section,  A-hyperon  creation  was  obtained 
proportional  to  the  product  of  amplitudes  of  reactions  iTu-r*},1 

3.  Near-Threahold  Behavior  of  the  p-Wave  of  the  Inelastic 

Cross  Section 

Let  us  consider  the  behavior  of  the  p-section  of  o^g  near  the  threshold  of 
the  second  inelastic  reaction.  In  this  case,  according  to  the  law  of  preservation 
of  the  full  orbital  moment  L,  orbital  moments  1  and  3  of  tht  channels  are  equal  t 
1 

f*-  <V*>T  {*•*>  or*  .  ;ly 


footnote  omitted  in  original  test  [Tr.  Ed.  note). 
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>r.»r.  «.  alter  algebraic  transformations  we  have 


+  ^ . 

“I - 1 - * — jr- — 3 - above  the  threanold 

«at*K<OT'-  (i4) 

1 1 + -t below  the  threshold 


s'v.IlL  be  obtained  from  a  by  the  replacement  of  *,-*■{, 


0-. 


The  picture  of  the  threshold  behavior  of  p  cross  section  o^  is  represented  in  the 

figure . 

This  result  can  be  obtained  from  the  ratio  of  unitaryity  for  the  S~aatrix 


.|JmF+l*.f+IS.I,-l.  (15) 

Since  in  the  vicinity  of  the  threshold  of  creation,  then 

iv-1-vt 

•*-£(*+ DlS.  I  (16) 

whence  it  follows  that  0  in  the  threshold. 

Now  let  us  turn  to  question  of  the  prethreshold  resonance.  Below  the 

thresnold 

«.-%  (M.-K)-*.-*  {1V; 

Considering  the  decomposition  of  in  powers  of  energy  for  #>f[i) 


*4-1*+  !)«(*-  IW  C2/- !)"*• 

*•<*>- M.W+ 1*.1* 


W'  at.  disregard  quantity  dj  in  (17). 

I’he  condition  of  resonance  in  this  case  leads  to  where  ^  is 

ob  *  n  i  nod  from  i  7'  by  the  replacement  of  a,  —  *$,  a,  s^, 


H. !•' :-f.o Id  tej.nvior  of  p  cross  section  of  t%. 


If  this  resonance  appear# 
artificial,  i.e.,  inequality  :i1) 
is  not  achieved,  then  it  is 
necessary  to  attract  following  waters 
of  decor, pot  it  ion  cf  the  M~s»trix» 


For  instance.  In  work  {3]  the  resonance  In  the  p-section  of  eiasti''  scattering  *>>r. 
revealed  in  considering  tens  -«■*. 

In  examining  the  bond  of  of  nondegenerste  levels  for  L  »  o  with 

•  week  bond  of  V-M  the  position  of  resonance  la  determined  by  formula  (7)  with 

the  replacement  of 

In  eoneluelon  X  with  to  express  deep  gratitude  to  G.  F.  Drukarev  for  his  useful 
discussions. 
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NJC  LEAP -RESONANCE  GENERATOR  WITH  FLOWING  LIQUID1 
IF.  I.  Skrlpovl 
§  i.  Introduction 

The  phenomenon  of  nuclear  magnetic  resonance,  discovered  at  the  end  of  19*5 » 
soon  ■  roduced  a  true  revolution  In  the  methods  of  measurement  of  strong  magnetic 
fields.  The  well-known  relationship  between  the  frequency  of  resonance  (l.e.,  the 
frequency  of  the  Larmor  precession  of  nuclei)  ^  and  the  intensity  of  the  magnetic 
superimposed  or.  the  sample 

(1) 

{)  -  gyromagnetlc  ratio;  o  —  a  small  correction  as  compared  to  unity,  considering 
the  shielding  of  nuclei  by  the  electron  shell)  allows  reducing  the  smasurement  of 
the  field  to  a  considerably  more  convenient  and  accurate  measurement  of  frequency. 
Th<  extreme  narrowness  of  the  resonance  peak  in  liquid  samples  (sometimes  to 
fractions  of  cycles  per  second)  and  the  exceptional  stability  of  the  coefficient 
A=s  (up  to  10*®  and  above,  in  a  sufficiently  wide  range  of  external  condition 

if  the  Invariability  of  the  chemical  composition  of  the  substance  is  ensured:  cause 
a  sufficiently  high  sensitivity  o:  the  method  and,  especially,  high  reproducibility 
of  the  obtained  results.  Moreover,  the  only  unit  of  equipment  requiring 


i A r' 1 1  - 1 was  prepared  by  the  author  in  1961 . 


experimental  calibration  is  the  frequency  meter.  Comparitive  measurements,  during 
which  the  knowledge  of  the  magnitude  of  the  k  factor  is  not  required,  are  fulfilled 
especially  well.  During  absolute  measurements  (i.e.,  when  not  only  are  values  of 
intensity  expressed  in  the  same  units,  but  these  units  are  also  directly  connected 
with  standards  of  mass,  length,  and  time),  the  accuracy  is  limited  by  the  error  in 
the  experimental  measurement  of  the  quantity  k.  This  error  iB  determined  by  the 
accuracy  of  absolute  electrical  measurements  and  is  at  present  0.005-0.005$.  For 
instance,  for  proton  resonance  in  water  the  coefficient  k  is  equal  to 
4257.77  *  0.15  cps/'ga.  Of  the  number  of  other  merits  of  the  nuclear-resonance 
method  In  magnetometry  we  should  mention  the  absence  of  the  need  for  accurate 
orientation  of  the  transducer  with  the  sample  in  space,  and  also  the  possibility 
of  direct  and  undistorted  transmission  of  the  result  ( frequency  of  the  signal!) 
by  wires  or  radio. 

The  basic  deficiencies  are:  a)  the  low  intensity  of  the  nuclear-resonance 
signal,  leading  to  complication  of  the  receiving  equipment;  b)  the  presence  of 
certain  limitations  of  the  speed  of  measurement,  owing  to  nonstationary  phenomena 
during  nuclear  precision  measurement  of  frequency  inevitably  requires  a  certain 
not  too  small,  time  interval}  e)  the  high  requirements  for  homogeneity  of  the 
measured  field. 

a)  Nuclear -Resonance  Measurements  of  Weak  Fields. 

Procedure  of  Packard  and  Varian 

The  expansion  of  the  nuclear-resonance  method  to  weaker  fields,  and  especially 
its  application  of  it  to  geomagnetic  measurements,  has  encountered  very 
considerable  difficulties,  which  have  been  overcome  only  in  recent  years.  During 
transition  from  the  range  of  strong  fields  to  the  terrestrial  field  the  intensity 
of  the  nuclear-resonance  signal  drops  more  than  one  million  times.  An  increase  in 
the  dimensions  of  the  sample,  fully  possible  in  connection  with  the  high 
homogeneity  of  the  geomagnetic  field,  can  compensate  the  indicated  decrease  of  the 
signal  only  partially.  Therefore,  although  in  separate  works,  we  managed  with 
the  help  of  the  usual  procedure  to  observe  a  signal  at  H0  ~  0.5  gs  [1], 
experimental  difficulties  remained  so  significant  that  the  problem  could  not  be 
considered  satisfactorily  solved.  The  creation  of  practically  useful  measuring 
equipment  as  before  required  radical  improvements  of  the  method,  considering  the 
specific  character  of  the  range  of  weak  fields. 
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Aside  from  the  work  of  Schmidt,  now  of  only  historical  interest  [2],  It  is 
possible  to  say  that  nuclear- resonance  measurements  of  the  Earth's  magnetic  field 
became  practically  possible  after  the  fundamental  work  of  Packard  and  Varian  [3,  *0. 
These  authors  proposed  and  carried  out  in  practice  new  procedure,  applicable  only 
in  weak  fields,  of  the  excitation  of  free  nuclear  precession,  during  which  (true, 
at  the  price  of  giving  up  continuous  observation)  the  intensity  of  the  signal  can 
be  increased  by  hundreds  of  times. 

For  the  method  of  Packard  and  Varian  the  alternating  of  periods  of 
magnetization  of  the  sample  and  observation  of  the  signal  is  characteristic. 

The  sample  with  a  volume  of  the  order  of  hundreds  of  cubic  centimeters  (water  or 
another  shightly  viscous  liquid  possessing  a  high  concentration  of  protons)  is 
surrounded  by  a  multiturn  receiving  coil,  which  is  part  of  an  oscillatory  circuit. 

The  circuit  is  tumea  to  the  frequency  of  nuclear  precession  v  In  order  to 
measure  the  Earth's  magnetic  field  an  auxiliary  (polarizing)  field  H  is 
superimposed  on  the  sample  beforehand.  Both  fb,  and  the  axis  of  the  receiving 
coil  should  be  approximately  perpendicular  to  i^.  However,  there  1b  no  need  for 
exact  orientation,  which  is  an  important  msrlt  of  the  method  (changes,  of 
orientation  affect  the  intensity  of  the  signal  but  not  its  frequency).  Regarding, 
however,  the  angle  between  the  ai.es  of  the  polarizing  and  receiving  coils,  then 
it  can  be  arbitrary,  often  the  same  coil  is  used  as  both  polarizing  and  receiving. 
Upon  the  lapse  of  a  certain  time  after  the  inclusion  of  tb  (usually  from  one  to 
several  seconds'-  nuclear  magnetization  is  established  in  the  sample  proportional 
in  magnitude  to  the  total  effective  field  and  directed  along  5.t.  Then 

H *  will  be  released  so  fast  that  during  the  time  A#  of  the  release  the  vector  AT 
does  not  change  not  only  in  magnitude  but  also  in  direction  (A/ <" 5- 10"*  sec).  As  a 
result  there  appears  a  unique  unsteady  state,  which  we  sometimes  call  coherent  or 
emitting:  nuclear  magnetization  is  not  in  parallel  to  the  remaining  fi^ld  H0  but 
preoesses  around  H0  (with  a  frequency  of  ,  see  (1)),  forming  approximately  a  i’ign  • 
angle  with  it.  The  gradually  attenuating  revolving  component  of  vector  %  for 
several  seconds  still  retains  a  considerable  magnitude,  caused  by  the  strong  field 
superimposed  earlier.  It  Is  precisely  this  circumstance  which  leads  to  the 
above-mentioned  gain  in  intensity  of  the  signal.  The  precessing  magnetization 
induces  in  the  receiving  coil  a  variable  emf  of  corresponding  frequency;  the 
variable  emf  after  amplification  proceeds  to  some  variant  of  the  measuring  circuit. 
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Distinguished  by  their  comparative  simplicity  (while  retaining  the  majority 
of  the  merits  of  nuclear-resonance  methods),  the  magnetometric  devices  based  on  the 
indicated  principle  quickly  obtained  a  wide  distribution.  In  the  USSR  work  in  the 
indicated  direction  was  started  in  I056  by  the  Laboratory  of  Magnetic  Microwave 
Spectroscopy  of  the  Lenigrad  State  University  jointly  with  the  All-Union  Institute 
of  Methodology  and  Technology  of  Exploration  [5];  of  later  foreign  works  reference? 
(6-9]  are  noteworthy.  At  present  in  our  country  many  organizations  are  engaged  in 
the  development  of  different  applications  of  the  method  of  Packard  and  Varian. 

b)  Method  of  Continuous  Observation  of  the  Nuclear-Resonance 
Signal  in  the  Terrestrial  Field 

Ine  most  important  deficiency  of  the  method  of  Packard  and  Varian  is  the 
necessity  to  polarize  the  sample  again  after  every  measurement.  With  a  given 
accuracy  this  leads  to  limitations  of  the  speed  of  taking  readings,  which  do  not 
always  satisfy  practical  requirements  (especially  in  aeromagnetometry) .  Therefore, 
the  development  of  continuous  method*  of  obaeivation  of  the  signal  in  weak  magnetic 
fields  is  very  desirable. 

One  such  method  was  proposed  in  January  of  1957  by  the  author  and  tc  based 
on  the  principle  of  the  nuclear-resonance  generator  with  continuous  polarization 
of  the  liquid  sample  flowing  through  the  system  [10].  The  principal  diagram  of  the 
transducer  of  the  nuclear-resonance  generator  [NRG]  (HPT)  is  shown  in  -ig.  i.  During 
the  flow  of  the  sample  (water)  through  the  magnetizing  (polarizing)  coil  H 
nuclear  magnetization  is  established  in  the  sub3tance  proportional  to  the  strong 
field  Then  through  a  long  thin  tube  Bf  the  water  reaches  the  region  in 

which  measurement  of  the  field  HQ  should  be  proouceu.  Moreover,  the  speed  of  the 
flow  ia  selected  as  great  enough  so  that  the  quantity  ^  does  not  become  greatly 
decreased.  Since  the  field  acting  on  the  element  of  the  volume  of  the  sample  at 
any  practically  attainable  speed  of  flow  changes  adiabatically ,  at  point  T  vector  aJ 
is  directed  along  the  weak  field  Further  the  sample  flows  between  the  two 

coils  deflecting  vector  ^  (i.e.,  phasing  the  nuclear  precession),  which 
create  an  alternating  magnetic  field  of  resonance  frequency,  with  a  correctly 
selected  amplitude  the  field  of  the  phasing  coils  overturns  the  nuclear 
magnetization  of  an  angle  of  the  order  of  90°»  exactly  as  this  takes  place  in  the 
method  of  the  spin  echo  (for  greater  detail  see  below).  The  appearing  precession, 
gradually  fading,  continues  during  motion  through  the  receiving  coil  ,1,  which 
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causes  the  induction  in  it  of  a 


Fig.  1.  Diagram  of  transducer  of  the 
nuclear-resonance  generator.  Sample 
(water)  flows  from  left  to  right.  H  ~ 
magnetizing  coil,  HK  -  its  compensating 
windings,  $$  —  phasing  coils,  n  — 
receiving  coil,  IIK  —  its  compensating 
windings.  The  long  tube  connecting 
points  3  and  r  is  not  shown  on  the  figure. 
Below  the  distribution  of  the  constant 
magnetic  field  along  the  axis  of  the 
device  is  shown;  the  character  of  the 
vector  movement  of  nuclear  magnetization 
is  shown  on  the  axis  of  the  main  figure. 


continuous  signal.  The  power  supply 
of  the  phasing  coils  can  be  carried 
out  from  an  independent  external 
source  (operation  In  narrow-band 
nuclear-resonance  filter  made). 

However,  continuous  observation 
requires  automatic  fine  tuning  of 
the  frequency  of  the  phasing  Bignal 
with  a  high  degree  of  accuracy.  It 
is  more  convenient  to  use  for  this 
purpose  the  signal  appearing  in  the 
receiving  coil,  after  its  amplification 


up  to  the  corresponding  magnitude  (operation  in  NRG  mode),  whica  ensures  automatic 
tracking  of  the  level  of  the  measured  field  without  any  additional  devices.  In  the 
latter  cas^  the  narrow-band  nuclear-resonance  filter  is  essentially  included  in 
the  feedback  circuit  of  the  amplifier.  If  we  select  the  position  of  the  phasing 
coils  in  such  a  way  that  their  direct  induction  on  the  receiving  coll  ij  as  small 
as  possible,  the  feedback  closes  practically  only  through  the  nuclear  precession 
in  the  flowing  water. 

In  first  experimental  model  of  the  instrument  the  flow  rate  of  the  water  was 

■X  «  n. 

100  cnr/sec,  H  *  400  gs,  the  volume  Inside  the  magnetizing  coil  was  in  550  cm  , 
and  that  inside  the  receiving  coil  was  400  cm^.  As  operational  experience  with  a 
model  and  subsequent  calculations  showed,  the  dimensions  of  the  system  can  be 
considerably  decreased. 

* 

Compensation  of  the  field  H  at  the  location  of  the  receiving  coll  is  carried 
out  by  the  three  windings  HK,  connected  in  series  with  the  magnetizing  coil.  They 
are  calculated  in  such  a  way  that  the  field  in  the  center  is  weakened  t  r  not  more 
than  20%,  but  the  dipole  and  octupole  moments  of  the  system  as  a  whole  are  made  equaL 
to  zero.  Inasmuch  as  multipoles  of  even  orders  are  absent  in  virtue  of  symmetry, 
the  first  uncompensated  moment  is  32-pole  with  use  of  the  simple  system  of  such 
adjustment  it  proved  to  be  possible  to  lower  the  field  H  at  a  distance  of  150  cm 
from  the  center  of  the  magnetizing  coil  to  0.5  7 . 


The  receiving  coil  possesses  analogous  system  of  compensating  coils  (I1K). 

During  tests  the  generator  operated  quite  stably;  the  signal-to-noise  ratio 
reached  20.  When  the  feedback  circuit  was  closed  there  was  observed  a  characteristic 
process  of  self -excitation  (mild  regime).  Since,  however,  the  effective  of  the 

]i 

nuclear-resonance  filter  is  very  high  (of  the  order  of  10  )  the  establishment  of 
the  amplitude  takes  sever ax  seconds,  i.e.,  it  occurs  incomparably  slower  than  in 
the  usual  radio-frequency  generator.  A  second  cause  of  the  slowness  of  the 
establishment  of  amplitude  is  the  fact  that  the  flowing  water  creates  something 
like  a  delay  line,  included  in  the  feedback  circuit.  Regarding,  however,  the 
frequency  of  the  signal,  as  qualitative  experiments  showed,  it  follows  the 
change  of  field  H0  practically  instantly. 
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Pig.  2.  Fig.  3« 

Fig.  2.  Outer  view  of  model  of  nuclear-resonance  generator. 

Fig.  3.  Photograph  of  an  NRG  signal  obtained  on  a  loop  oscillograph  in  the  nuclear- 
resonance  filter  mode  (speed  of  film  10  mm/sec),  a)  attenuated  signal  (method  of 
Packard  and  Varian)  obtained  in  the  same  mode  b). 
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Fig.  4.  Turning  off  and  connection  of  the 
magnetising  field  a);  turning  off  and  connection 
of  the  phasing  signal  b).  Speed  of  film  10  mm/sec. 


The  outer  view  of  the  NRG  model  is  shown  in  Fig.  2.  Figures  3  and  4  photograph;-, 
show  of  signals  obtained  with  help  of  a  loop  oscillograph  in  the  process  ol' 
experiments  with  the  instrument. 
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c)  Other  Continuous  Methods  of  Observations  Applicable 

in  Weak  Fields 

The  above-described  method  was  proposed  and  its  development  was  begun  in  the 
Laboratory  of  Magnetic  Microwave  Spectroscopy  of  the  Leningrad  State  University 
at  a  time  when  in  the  literature  there  was  a  complete  absence  of  any  signs  of 
practically  applicable  methods  of  the  continuous  observation  of  the  nuclear-resonance 
signal  in  such  weak  fields  as  the  terrestrial  field.  Now,  however,  it  is  known  that 
several  authors  worked  independently  and  almost  simultaneously  on  this  problem. 

K.  V.  Vladimirskiy  [11]  theoretically  examined  conditions  of  self -excitation 
of  nuclear  precession  in  a  sample  preliminarily  magnetized  antiparallel  to  the 
terrestrial  field  and  placed  in  a  coil  of  a  sufficienly  good  quality  resonant 
circuit.  The  Q  and  the  magnetizing  field  H*  had  to  be  very  high  (at  room  temperature 
in  any  case  M*  Q'  10*  gs) .  The  author  indicates  that  the  generating  of  a 
stationary  signal  is  possible,  if  in  a  similar  system  the  continuous  replacement  of 
the  sample  is  accomplished.  Concrete  variants  of  the  realization  of  this  system 
are  not  considered  in  [11]. 

In  the  system  of  K.  V.  Vladimirskiy,  if  a  solenoid,  and  not  a  magnent,  is  used 
for  polarization  of  the  sample  (which  is  extremely  desirable  for  reducing  the 
system' s  weight  and  also  because  of  the  need  for  very  accurate  compensation  of  H* 
in  the  region  in  which  the  measurement  of  the  weak  field  is  taken) ,  fulfilment  of 
the  ratio  W*Qi  10*  is  very  difficult.  In  any  case,  it  appears  necessary  to  obtain 
a  maximum  Q  (most  likely  by  means  of  the  use  of  a  regenerated  receiving  circuit). 

As  a  result,  the  range  of  values  of  the  field  in  which  generating  of  the  signal  is 
possible  without  the  fine  tuning  of  this  circuit  is  narrowed;  furthermore,  the 
measuring  error  caused  by  the  inaccurate  adjustment  to  the  frequency  of  nuclear 
precession  greatly  increases  (see  point  "c,”  §  2). 

In  the  work,  carried  out  under  the  leadership  of  G.  D.  Latyshev  [12],  a  flowinr 
sample  and  preliminary  polarization  by  a  strong  field  are  also  used,  but  the  system 
does  not  use  the  principle  of  the  nuclear-resonance  generator  (Fig.  5>) .  In  the 
proposed  variant  of  the  method  polarization  is  carried  out  with  the  help  of  an 
electromagnet  3,  (the  method  of  observation  does  not  differ  from  the  convenionai 
me i hod  in  strong  magnetic  fields).  Measurement  of  the  weak  magnetic  field  Ht  is 
produced  at  point  A,  where  an  additional  radio-frequency  field,  created  by  an 
external  source,  acts  on  the  sample.  In  its  action  it  is  completely  analogous  to 
the  phasing  field  mentioned  above:  upon  entering  into  resonance  with  the  frequency 
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of  precession  of  the  nuclei,  vector  M  deviates  from 
the  direction  of  and  starts  to  precess.  If  the 
amplitude  of  the  radio-frequency  field  is  selected 
appropriately,  deflection  occurs  at  an  angle  of  the 

order  of  90°»  i.e.»  the  longitudinal  component  of  Ai 

* 

turns  into  sero.  Regurding,  hr. ^ver,  the  transverse  (preceesing)  component,  then 
it  is  inevitably  disturbed  in  the  region  of  the  nonuniform  magnetic  field  B  (field 
of  scattering  J„) ,  since  in  the  ronunifora  field  various  elements  of  the  volume  cf 
the  sample  precees  with  unequal  speeds  and  fall  out  of  phase.  Thus,  the  onset  of 
reaonar.ee  in  coil  A  leads  to  the  destruction  of  nuclear  magnetization,  which  can  be 
fixed  indirectly  by  the  attenuation  or  disappearance  of  the  signal  observed  in  A. 

The  method  described  is  of  considerable  interest  for  magnetometry  of  weak 
fields  of  great  heterogeneity  (measurement  can  be  carried  out  in  a  small  volume). 

It  Is  true,  moreover,  that  a  certain  decrease  in  accuracy  is  inevitable,  since  a 
decrease  in  the  volume  of  coil  A  will  reduce  the  time  of  the  stay  of  an  element  of 
the  sample's  volume  in  this  coil  and,  correspondingly,  will  increase  the  width  of 
the  spectrum  of  the  phasing  signal.1  Another  interesting  characteristic  is  the 
possibility  of  measuring  fields  considerably  weaker  than  the  terrestrial  field. 
However,  for  precision  geomagnetic  measurements  the  method  discussed  is  not, 
convenient  enough.  First  of  all  the  system  is  more  complicated  than  that  In  [10], 
and  the  automatic  tracking  of  frequency  for  the  variable  field  is  absent.  Secondly, 
any  Instrument  rrot  based  on  the  NRG  principle  requires  modulation  of  the  measured 
field  for  uhe  periodic  passage  through  the  line  circuit;  with  slow  modulation  the 
.'peed  of  the  measurement  will  be  considerably  lowered,  and  its  acceleration  is 
inevitably  connected  with  appearance  of  extremely  undesirable  transient  processes 
in  the  motion  of  tne  vector  of  nuclear  magnetization. 

Finally,  Abraham,  Combri-*on,  and  Solomon  published  an  extraordinarily 
interesting  work  [13]  in  which  one  of  the  new  varieties  of  the  Overhauser  method 
of  polarization  of  nuclei  is  used.  As  is  known,  the  Overhauser  effect  can  be 
observed  In  samples  which  are  characterized  still  by  uncompensated  electron 
magnetism  as  well  as  nuclear  (metals,  paramagnetic  solutions,  etc.).  The  essence 


Fig.  5.  Measurement  of  a 
weak  magnetic  field  per 
[12]. 


4The  influence  of  the  phasing  field  will  be  examined  quantitatively  below;  it 
will  be  shown  that  in  the  system  developed  by  ua  the  effective  width  of  resonance  is 
determined  by  the  time  of  the  stay  of  the  element  of  volume  In  the  receiving  coil 
and  not  in  the  phasing  coil. 


of  this  phenomenon  consists  of  the  fact  that  owing  to  the  internal  bond  between  the 
electrons  and  nuclei  the  influence  of  an  intense  high-frequency  fiold  on  electron 
magnetism  causes  a  very  strong  polarization  of  the  nuclei,  many  tijr  •*  ;  :  -ling 

the  equilibrium  value  in  the  same  constant  magnetic  field.  It  is  interesting  to 
note  that  in  the  case  essential  for  us  of  paramagnetic  solutions  of  small 
concentration,  the  Overhauser  effect  causes  the  appearance  of  nuclear  magnetization 
oriented  opposite  the  field.  In  the  usual  {"classical")  effect,  when  gs 

the  influence  on  electrons  constitutes  a  saturation  of  electron  resonance  at  c. 
frequency  of  about  1.4  Me  with  a  power  from  several  watts  and  larger,  depending  on 
how  successfully  the  sample  is  selected.  Moreover,  it  is  possible  to  obtain  nuclear 
magnetization  200-300  times  greater  than  equilibrium  magnetization  l.e.,  that  type 
which  is  obtained  in  /f  fields  of  the  order  of  100-150  gs.  Inasmuch  as  in  the 
method  of  Packard  and  Varian  and  also  in  [10]  somewhat  stronger  polarizing  fields 
are  usually  used,  the  classical  Overhauser  effect  in  the  terrestrial  field  does  not 
possess  andy  advantages  with  respect  to  the  intensity  of  the  signal.  Its  merit, 
however,  is  the  possibility  of  continuous  polarization  in  the  actual  volume  in  which 
the  signal  is  observed,  i.e.,  in  a  motionless  sample. 

In  work  [13]  another  still  more  effective  variant  of  the  method  is  used  in 
which  there  is  applied  some  paramagnetic  substance,  possessing  a  hyperfine  structure 
of  electron  resonance  permitted  at  room  temperature.  In  this  case  even  during 
complete  absence  of  the  external  magnetic  field  Influence  on  electrons  at  a  rather 
high  frequency  is  possible  (quantum  transitions  between  sublevels  of  the  hyperfine 
structure).  The  superposition  of  gs  acts  very  slightly,  so  that  the 

fequency  of  electron  transitions  can  be  considered  Independent  of  the  field. 

The  sample  in  work  [13]  was  a  weak  aqueous  solution  of  the  potassium  salf  of 
disulfonate  of  peroxylamlne  K-NOCSO,),.  As  a  result  of  the  electrolytic  dissociation 
in  the  solution  ions  are  present  -  free  radicals  of  the  following  structures 

— rw 

with  one  unsaturated  valence  for  the  nitrogen  atom.  The  high-frequency  field 
saturated  the  transiton  between  the  sublevels  at  a  frequency  of  56  Me  (in  the 
zero  field,  54,7±41SMc  [14]).  The  exact  figures  for  the  magnitude  of  nuclear 
magnetization  are  not  cited,  but  from  appraisal  of  the  theoretical  formulas  the 
conclusion  can  be  made  that  values  of  2000-3000  times  greater  than  the 
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equilibrium  values  are  accessible. 

Report  [13]  le  dedicated,  basically,  to  the  observation  of  the  line  contour 
on  the  screen  of  the  oscillograph  with  help  of  the  modulation  method,  widespread 
In  strong  fields.  In  the  sample  with  a  volume  of  100  cm^  a  very  good  signal-to-noise 
ratio  is  obtained.  However,  for  o  .r  purposes  the  modulation  method,  as  was  already 
indicated,  is  unsuitable. 

The  article  also  contains  a  very  brief  indication  of  the  fact  that  with  an 
increase  in  Q  (regenerated  circuit)  operation  of  the  system  in  the  NRG  mode  was 
observed.  Inasmuch  as  the  initial  magnetisation  was  antiparallel  to  the  field, 
this  variant  ia  very  close  to  the  diagram  of  Vladimirskiy,  but  without  the  necessity 
of  a  continuous  replacement  of  the  sample.  Possessing  many  essential  merits,  it 
also  is  connected  with  necessity  of  very  exact  fine  tuning  of  the  receivin':  -Irc-iit 
during  changes  of  HQ.  He  should  also  mention  deficiencies  common  for  all  methods 
based  on  the  Overhauser  effect :  a)  a  certain  complication  of  the  radio-frequency 
circuit,  making  it  necessary  to  have  an  additional  high-frequency  generator  of 
considerable  power,  and  b)  the  broadening  (by  at  least  2-?  times)  of  the  line  of 
nuclear  resonance,  owing  to  the  presence  of  paramagnetic  material. 

The  advantages  of  Overhauser  polarisation,  nevei theless,  are  so  considerable 
that,  this  method  will  be  used  in  the  future  (we  have  in  mind  not  a  concrete  variant 
[13]  but  all  the  region  as  a  whole).  However,  d. sulfonate  of  peroxylamine  in 
mjueous  rolutions  Is  chemically  unstable,  being  half  decomposed  in  several  minutes 
[13].  Although  the  use  of  buffer  solutions  delays  decomposition  [13]  and  in 
soiut lorn;  of  ..odium  carbonate  the  substance  exists  for  up  to  several  days  [16], 
r.evf  rth*ieJ3  chemical  stability  of  this  substance  cannot  be  considered 
satisfactory  fox  orectical  app lie at  lewis.  At  the  same  time,  until  now  not  one 
reoisclrg  subet*nc«  which  possessed  st  least  approximately  the  same  effectiveness 
of  Overhauser  polarisation  in  weak  fields  has  been  known.  Probably,  such  objects 
will  be  found.  However,  if  we  were  to  consider  that  they  have  extremely  unique  -n.i 
partially  contradictory  requirements,1  it  is  very  difficult  to  forecast  when  this 


4 He  should  consider,  in  particular,  the  necessity  to  have  a  very  narrow  iim  I 
•  iectrui  resonance,  since  otherwise  its  saturation  will  demand  considerable  pewir. 
Narrow  lines  and  simultaneously  a  hyperfirt#  structure  are  possessed  only  by  certain 
a  ib stances  of  the  class  of  free  radical#,  which  by  their  very  nature  are  usually 
chemically  active  compounds. 
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problem  will  be  satisfactorily  solved 


Summing  up  what  has  been  said,  from  our  point  of  view,  we  should  come  to  the 
conclusion  that  the  development  of  high-speed  magnetometric  instruments  on  the 
basis  of  the  NRG  diagram,  proposed  in  (10],  is  at  present  still  urgent.  Moreover, 
we  should  consider  that  many  elements  of  such  development  (especially,  of  course, 
the  measuring  circuit  of  frequency  and  the  recording  part)  will  remain  the  same 
even  when  subsequently  Overhauser  polarization  will  be  used  in  a  certain  concrete 
variant  of  the  instrument. 

§  2.  General  Theory  of  the  Nuclear-Resonance  Generator 
with  Flowing  Water 

a)  Processes  in  Magnetizing  and  Phasing  Colls 
A  quantitative  description  of  the  processes  of  magnetization  (polarization) 
of  a  flowing  sample  in  a  magnetic  field  is  not  difficult.  At  It  is  well 

known,  the  establishment  of  magnetization  is  described  by  the  following  differential 


equation: 


where  Mz  is  the  nuclear  magnetization  (magnetic  moment  of  a  unit  volume  of  the 
sample  caused  by  the  predominant  orientation  of  nuclear  magnetic  dipoles);  index 
z  Indicates  the  fact  that  vector  S  is  directed  at  each  moment  of  time  along  the 
effective  field  0-44*. «  is  the  magnitude  of  nuclear  magnetization 

which  is  equilibrium  at  a  given  value  of  the  field  H.  X  la  the  nuclear  magnetic 
susceptibility,  which  is  expressed  by  the  known  Curie  formula;  for  water  it  is  equal 
to  which  is  almost  the  maximum  value  among  all  substances  at  room 

temperature  (for  grtater  detail  see  {5]).  is  the  time  of  longitudinal 
relaxation,  which  is  an  Important  characteristic  of  the  sample;  for  water  without 


1 In  the  present  brief  survey  we  do  not  touch  upon  investigations  carried  out 
in  medium  or  strong  fields  but  which  represent  a  certain  indirect  interest  for 
methods  of  magne tome try  of  the  terrestrial  field.  Certain  works  on  the  Overhauser 
effect  in  fields  stronger  than  terrestrial  are  also  not  mentioned. 

*It  is  simple  to  show  that  in  real  conditions  of  the  operation  of  the  instnaaent 
this  Indeed  takes  place  (at  least,  in  a  good  approximation),  furthermore,  if  even 
withlr.  separate  small  elements  of  the  volume  component  0  existed  in  plane  xy.  It 
would  not  play  any  role;  field  W  is  too  ncnunifons  for  these  components  to  be  in 
the  same  phase  for  the  whole  sample. 


dissolved  oxygen  -  3.6  see;  the  presence  of  paramagnetic  molecules  noticeably 

reduces  T^. 

For  the  considered  element  of  volume  the  quantity  H  will  be  a  function  of  time 
(owing  to  its  displacement  fro*,  one  point  to  another).  It  is  convenient  to  rewrit. 
the  differential  equation  (2)  in  the  following  form: 

(3) 

If  we  were  to  consider  that  the  magnetizing  field  etarta  to  act  at  moment 

t  *  0,  where  magnetisation  at  this  instant  le  equal  to  M_(0),  the  solution  to 

£ 

equation  (3)  can  he  written  in  the  following  way: 

Je"  *  ( 4 ) 

(see,  for  instance.  Bronehteyn  and  Semendyayev.  "Handbook  on  mathematics," 

First  edition,  p.  40k).  Function  B(t).  can  bs  calculated  in  form  of  a  table,  if 
the  distribution  of  the  ascetic  field  along  the  axis  of  the  polarizing  coll  and 
speed  of  flow  of  the  sample  are  known  (certainly,  this  operation  bears  an 
approximate  character,  but  attempts  at  further,  more  precise  definition  are  hardly 
Justified,  since  they  require  computations  of  turbulence).  After  this  formula  (4) 
can  be  used  for  numerical  calculations. 

In  moat  cases,  however,  we  can  limit  ourselves  to  a  more  rough  approximation, 
disregarding  quantity  1^(0)  and  assigning  H(t)  in  the  form  of  when  0 

and  outside  this  interval  ( %  is  the  time  of  flow  through  the  polarizing 

coll,  fr  is  the  mean  value  of  the  field  in  this  coll).  Then  magnitude  of  nuclear 
magnetisation  at  the  moment  of  exit  from  the  strong  field  is  expressed  by  the 
following  simple  formula: 

(5 

which  la  very  easily  obtained,  directly  from  (2)  when  ^  -  const  in  the  interval 

•<«% 

Let  us  now  consider  the  movement  of  the  sample  through  the  tube  connecting 
the  region  of  magnetisation  with  the  region  of  the  phasing  field.  Although  the 
presence  of  the  system  of  compenaatlonal  windings  (HK  In  Fig.  1)  leads  to  s  very 
fast  decrease  of  the  field  in  this  part  of  space,  nevertheless  the  transition 
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from  to  Ht  during  practically  realizable  speeds  of  flow  will  occur  after  a 

time  interval  of  0.1  sec  or  more.  Such  a  change  of  ft  is  sufficiently  slow  so  that 
vector  &  remains  at  each  moment  of  time  parallel  to  the  field.1  The  decrease  of  the 
magnitude  of  vector  ft  (process  of  demagnetization)  is  described  as  before  by 
differential  equation  (2)  with  new,  considerably  smaller  values  of  H^t).  In 
connection  with  this  the  dependence  of  M  on  time  is  expressed  by  the  general 
formula,  analogous  to  (4)  and  formally  coinciding  with  (4)  if  we  were  to  put 
l.e.,  count  off  the  time  from  the  moment  of  exit  from  the  strong  field. 


I 

The  quantity  H(t  )  in  this  formula  is  a  function  quickly  decreasing  to  HQ. 

In  a  more  rough  approxiauttion  we  may  assume  that  when  the  effective  field 

is  already  much  less  than  that  inside  the  magnetizing  coll.  With  this 
(Inasmuch  as  Mz  still  retains  large  values!),  so  that  in  (2)  quantity  NQ  can  be 
disregarded.  Then  instead  of  (6)  we  have 


AUt-4.  fv* 


In  the  phasing  coil,  as  a  result  of  the  influence  of  the  radio-frequency  field, 
vector  ft  deviates  from  the  direction  of  the  axis  z  (l.e.,  from  !|).  The 
longitudinal  component,  as  before,  decreases  according  to  the  law  (2),  and  for  the 
tranaveise  component  we  can  write 

<8> 

where  Mkm and  T2  is  the  time  of  the  transverse  relaxation.  Inasmuch  as, 
however,  and  JHk  In  reality  are  functions  of  tims  not  only  as  a  result  of  processes 
of  relaxation,  but  also  owing  to  the  continuing  influence  of  the  radio-frequency 
field,  the  analyst*  of  the  motion  of  the  vector  of  nuclear  magnetization  in  the 
phasing  coil  requires,  in  general,  solution  of  equations  of  Bloch.  We  will  not 
examine  these  solutions,  since  from  practical  considerations  it  turns  out  to  b^ 


‘With  certain  simplifying  assumptions  this  is  easy  to  show  with  help  of  known 
equations  of  Bloch.  But  this  Is  not  necessary,  since  from  experiments  by  the  method 

of  Packard  and  Varian  it  is  well-known  that  the  "breaking  away"  of  vector  ft  from 

the  direction  of  the  field  occurs  only  when  &  will  be  turned  off  in  approximately 

1C‘*  sec  or  faster. 
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expedient  to  select  the  time  of  flow  through  the  pl&zing  field  as  <7*1.  F, .  With 
this  the  relaxation  processes  in  the  first  approximation  can  he  disregarded.  Then, 
as  this  follows  from  further  text  of  the  present  section,  the  influence  of  the 
radio-frequency  signal  changes  the  orientation  of  the  vector  of  nuclear  magnetization 
but  does  not  affect  its  length.  In  the  following  approximation  we  can  consider  the 
small  relaxation  effects  in  accordance  with  (2)  and  (8),  disregarding  the  distinction 
of  and  Tg,  which  in  a  sufficiently  uniform  field  of  Hq  is  considerably  small. 

If,  furthermore,  we  repine  0  by  MQ,  as  is  doen  in  the  derivation  of  (7)  then  (2) 
and  (6)  becomes  identical.  Hence,  It  directly  follows  that  the  absolutely 
analogous  differential  equation 


takes  place  for  the  change  of  the  length  of  the  vector  SS  .  Inasmuch  as 

the  radio-frequency  field  does  not  affect  the  quantity  M,  equation  (9)»  unlike  (2) 
and  (8),  remains  in  force  for  the  phasing  coil. 

Since  the  solution  to  (9)  has  a  form  completely  analogous  to  (7),  in  the 
considered  approximation  we  arrive  at  a  very  simple  result:  the  magnitude  of 
nuclear  magnetization  continues  to  change  according  to  the  law  (7)  and  at  the  moment 
of  entry  into  the  receiving  coil  is  equal  to 

*#<%>* 

where  by  v  V  *  we  designate  the  time  of  flow  through  the  connecting  tube,  the 
region  of  the  phasing  field,  and  the  second  (short)  piece  of  connecting  tube 
respectively. 

Now  we  can  turn  to  the  study  of  the  influence  of  the  phasing  radio-frequency 
field,  disregarding,  as  was  already  stated,  the  relaxation  processes.  In  order  to 
write  the  equation  of  the  motion  of  the  vecotr  of  nuclear  magnetization,  let  us 
.emeaber  that  besides  the  magnetic  moment  p,  each  nucleus  possesses  spin  p  (spin 
angular  momentum).  The  quantity  called  gyromagnetic  ratio,  was  already 

found  In  (i).  The  vector  of  nuclear  magnetization  is  obviously  expressed  as  follows: 

(id 

For  t>#  (as  in  the  case  of  protons)  vectors  p,  and  pi  are  parallel  to  each  other. 

It  follows  from  this  that;  the  macroscopic  vector  M  is  connected  with  spin  A 
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corresponding  to  It: 


(the  summation  (11)  and  (12)  extends  to  all  nuclei  per  unit  volume  of  the  sample). 

Whereas  the  motion  of  a  separate  nucleus  is  described  by  quantum-mechanical 
formulas,  the  macroscopic  vector  “P  satisfys  the  usual  equations  of  motion  of 
classical  mechanics.  According  to  the  second  law  of  Newton,  we  will  equate  the 
change  of  angular  momentum  to  the  moment  of  acting  force 

(Ij) 

or,  finally, 

(“> 

In  these  expressions  under  7?  is  understood  the  totality  of  all  the  constant  or 
alternating  magnetic  fields  acting  on  sample.1 

In  particular,  if  Na**Htm > coast,  ,  the  absolutely  elementary  solution 

to  (14)  gives 


where  and  (Pig.  6).  Angle  *  and  phase  are  determined  by  the 

initial  conditions  of  motion.  When  Afx=sO  (magnetization  directed  along  the  field) 
vector  M  rests,  although  its  component  magnetic  moments  of  separate  nuclei 
continue,  of  course,  to  precess.  This  case  corresponds  completely  to  the  random 
phases  of  the  motion  of  separate  nuclei,  so  that  components  of  ^  in  plane  xy 
destroy  one  another;  this  very  point  was  considered  in  the  first  half  of  the  section. 

When  Mx.  »*0  the  formulas  of  (15)  describe  the  simple  precession  of  nuclear 
magnetization  in  the  presence  of  only  the  constant  field  3*  In  reality  the 
precessing  component  gradually  decreases  (with  the  characteristic  time  T£),  as 
was  mentioned  in  the  description  of  the  method  of  Packard  and  Varian;  however,  our 
consideration  is  limited  by  the  interval  of  time  «  T,  and  does  not  consider  the 

xFrom  (14)  the  above-mentioned  invariability  of  the  length  of  vector  3  directly 
follows  (if  we  disregard  relaxation),  since  in  any  external  fields  *8j  3 
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relaxation  processes.  In  this  cs.oe  the  phases  of  motion  of  separate  nuclei  are 

partially  ordered,  and  a  decrease  in  Mk  indicates  a  gradually  occurring  disphaeing. 
Therefore  Tg  sometime#  is  called,  the  time  of  the  spin  phase  memory.  From  (15) 
it  follows  that  the  frequency  of  precession  vQ  is  equal  to  •£#,.  The  little 
difference  from  the  more  accurate  formula  (1)  is  due  to  the  fact  that  here  we 
disregarded  the  inai©iific,?nt  difference  between  HQ  and  the  field  actually  effective 

on  the  nuclei. 

After  these  preliminary  remarks  we  can  turn  to  the 
more  complicated  case  of  the  simultaneous  action  of  the 
constant  and  alternating  magnetic  field.  Inasmuch  as  the 
consideration  is  produced  most  clearly  of  all  in  a 
revolving  coordinate  system,  it  is  necessary  to  use  the 
transformation  of  (14)  to  revolving  coordinates,  namely, 

(■£),-' N*4)]-  (16> 

where  ^  is  the  vector  of  the  angular  velocity  of  the  considered  coordinate  system 
with  respect  to  the  motionless  (inertial)  coordinates,  and  index  r  indicates  that 
the  derivative  is  calculated  in  the  revolving  system. 

The  graphic  meaning  of  equality  (16)  consists  in  the  fact  that  during  the  use 
of  the  revolving  coordinates  it  is  possible  to  preserve  the  equation  of  motio..  in 

the  form  of  (14)  and,  consequently,  also  all  derivations  from  it,  if  to  the 

♦ 

totality  of  effective  fields  of  H  we  add  the  fictitious  field  For  instance, 

for  the  above-considered  simple  case  the  introduction  of  the  coordinate  system 

* Y#',  rotating  around  direction  z',  leads  to  the  replacement  of  HQ  by  --(see 
Fig.  7  when  ^«U).  In  particular,  If  we  were  to  select  •*••»=: 7/4  ,  then  in  the 
revolving  system  the  magnetic  field  is  absent  and  «0  .  It  Is  not  difficult 
to  see  that  this  corresponds  to  the  rotation  of  coordinates  in  the  direction  of 
precession  and  with  the  very  same  angular  velocity,  so  that  in  the  system  x'y'z'  the 
vector  of  nuclear  magnetization  is  indeed  at  rest. 

Let  ua  introduce  still  motionless  coordinates  xyz,  and  we  will  consider  that 
axis  z,  like  z  ,  coincides  with  the  direction  of  the  constant  field  ff,  (Fig.  7). 

Let  us  assume  that  the  variable  phasing  field  oscillates  along  the  axis,  and  its 
semi  amplitude  is  designated  by  Then  the  totality  of  the  magnetic  fields 

acting  on  vector  i5  in  a  motionless  coordinate  system  will  be  written  as  follows: 


Fig.  6.  Precession 

of  Jf  in  the  constant 
external  field.  The 
case  of  the  positive 
gyromagnetlc  ratio. 


Mnm  **.«•<< 

■  -  <‘t) 

We  separate  the  fluctuating  field  into  two  revolving  fields 
in  plane  xy  in  opposite  directions: 

iie*>  tSftS?  <18b) 

and  disregard  the  Influence  of  the  component  (18b)  revolving 
in  a  direction  opposite  to  the  precession  of  vector  ft  The 
possibility  of  such  disregard  will  be  validated  below.  Now  it  is  possible  to 
convert  the  totality  of  the  fields  (18a)  to  the  revolving  system  of  coordinates, 
axis  x'  of  which  is  directed  along  vector  ft  (Pig.  7).  Thus,  we  select  coordinates 

I 

rotating  with  a  frequency  of  the  phasing  signal.  The  effective  field  along  axis  z 
is  now  equal  to 

w-*-T  (19) 

and  is  a  measure  of  the  detuning  of  the  phasing  signal  with  respect  to  the 
resonance  of  the  frequency. 

It  is  interesting  to  note  that  in  coordinates  Jtff  only  the  constant  field 

0 

acts  on  vector  ft,  so  that  the  motion  of  ft  bears  a  character  of  simple 
precession.  If,  as  usually,  and  the  detuning  is  small,  the  angular  velocity 

of  this  precession  M+wl  is  much  smaller  than  the  speed  of  rotation  of  the 
whole  picture  of  Pig.  7  together  with  the  primed  coordinate  system.  This  means  that 
in  fixed  coordinates  the  motion  of  ft  as  before  constitutes  precession,  but  with 
a  gradually  variable  apex  angle  of  the  cone  (nutation). 

Especially  simple  is  the  case  of  exact  coincidence  of  the  frequency  of  the 
phasing  signal  with  the  resonance  frequency  (ItfaO).  Vector  ft  revolves  uniformly 
in  plane  z'y'  with  an  angular  velocity  of  H^.  Passing  to  the  fixed  coordinates, 
we  find  that  the  radio-frequency  field  in  resonance  excites  precession  of  nuclear 
magnetization  with  a  frequency  .  During  the  first  half-period  of 

nutation  angle  *  between  ft  and  z  changes  according  to  the  law 


Fig.  7.  Vector 

ft  in  a  rotating 
system  of 
coordinates. 


(20) 

and  in  phase  the  vector  ft  will  lag  90°  behind  the  rotating  component  In  the 

second  half-period  ,  during  which  precession  leads  90°,  etc. 
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However  only  the  first  half -period  is  of  practical  value.  From  the  point  of  view 
of  obtaining  the  largest  amplitude  of  the  signal  in  the  receiving  coil,  it  is 
desirable  to  have  •—•P  ,  i.e.,  to  select  the  time  of  flow  through  the  phasing 
field  equal  to  a  quarter  of  the  period  of  nutation: 

v—ifir*  (21) 

Let  us  now  turn  to  the  case  of  inaccurate  tuning  to  resonance.  As  can  be  seen  from 
Fig.  7 i  the  character  of  nutation  changes  in  such  a  way  that  the  value  *  -  180° 
is  not  attained.  *  -  90°  can  be  obtained  during  not  too  large  detunings  ( . 

^  !  f 

Vector  m  emerges  from  plane  i  y  ,  so  that  as  compared  to  the  case  of  exact 
resonance  additional  phase  shift  la  accumulated  the  sign  of  which  depends  on  the 
sign  of  detuning.1  The  obtaining  of  quantitative  expressions  for  MA  (or  1)  and  q>b 
as  functions  of  time  is  now  reduced  to  elementary  trigonometric  computations,  which 
need  not  be  reproduced  here.  Since  the  expressions  in  general  turn  out  to  be 
somewhat  bulky,  we  limit  ourselves  to  only  small  detunings  of  (V/C% 

4  (tt) 

(* H(Sf f + • 1 ** *■*■•• 

Angle  ?£  in  these  formulas  is  counted  off  from  axis  y'  in  the  direction  of 
precession. 

From  the  above,  it  follows  that  during  large  de tunings  the  radio-frequency 
field  ^  renders  on  M  only  a  rapidly  varying  effect  with  an  insignificant  angular 
amplitude,  which  when  1*  80  small  that  it  cannot  cause  any  observed  effects. 

It  is  for  this  reason  that  we  disregarded  above  the  effect  of  the  component  (18b) 
revolving  to  the  opposite  side. 

b)  Processes  in  the  Receiving  Coil.  Operation  of  the 
System  in  the  Node  of  a  Narrow-Band 
Narrow-Band  Nuclear  Resonance 
Filter 

Precession  of  the  vector  of  nuclear  magnetization  continues  after  emergence  of 
the  volume  element  from  the  phasing  field.  The  magnitude  of  the  longitudinal 


1This  phase  shift,  in  general,  is  undesirable,  since  it  can  cause  an  additional 
measuring  error  during  operation  of  the  system  in  a  nonunlforu  field  (see  §  2, 
nart  c).  For  this  reason,  and  also  to  decrease  demagnetization,  an  increase  in 

leading  to  the  reduction  of  the  time  of  stay  in  the  phasing  field,  is  desirable. 
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component  (M_)  will  no  longer  be  of  interest  to  us,  since  it  does  not  affect  the 
signal  induced  in  receiving  coil.  Moreover,  we  leave  aside  the  phenomenon  of 
reaction  of  circuit  (see  [5]),  Inasmuch  as  in  the  operation  of  the  NRG  based  on 
the  described  principle  it  plays  a  secondary  role. 

After  the  interval  of  time  «’  after  flowing  from  the  phasing  field,  the 
considered  element  of  the  sample  enters  the  receiving  coil  and  starts  to  participate 
in  the  formation  of  a  useful  signal.  The  time  of  the  stay  in  this  part  of  the 
system  is  great  enough  so  that  attenuation  of  the  precessing  component  ML  will 
appear: 

*  (23) 

Inasmuch  as  the  frame  of  time  reference  accepted  thus  far;  ro  can  be  seen  from 
(23),  starts  leading  to  awkward  expressions,  we  will  subsequently  use  time  t, 
counted  off  from  the  moment  of  exit  from  the  phasing  field: 


after  which  (23)  takes  a  more  simple  form: 

•  • 

or 


(24) 


(25) 


(251) 


Continuing  the  examination  of  precession  with  the  help  of  the  rotating 
coordinate  system  introduced  in  point  "a,"  5  2,  we,  as  before,  will  read  off  the 
phase  angle  t(<)  from  axis  y'.  For  the  case  of  a  uniform  field  HQ,  having  the  same 
magnitude  in  both  .he  phasing  field  and  the  receiving  coil, 

t26) 

where  the  second  component  describes  the  phase.  Incoming  in  connection  with  the 


xThe  form  of  notation  (251)  1®  based  on  the  fact  thst  in  the  interval 
decreases  with  the  same  characteristic  time  Tg  as  later  on  (inside  the  receiving 
coil).  Thereby  formula  (10),  where  we  disregarded  the  distinction  of  Tg  from  T^, 
is  defined  somewhat  more  accurately.  Usually  %  1b  so  small  that  this  distinction 

is  Immaterial;  however,  we  will  return  again  to  the  discussion  of  the  construction 
with  a  large  v- 
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difference  of  angular  velocity  of  free  precession  of  vector  if  from  the  speed  of 
rotation  of  the  coordinate  system  (connected,  as  was  already  indicated,  with  the 
frequency  of  the  phasing  signal).  If,  however,  heterogeneity  of  the  field  takes 
place,  then  Hg  for  the  moving  volume  element  becomes  a  function  of  time,  and  (26) 
la  replaced  by 

m 

where 

Expressions  (26)  or  (27)  allow  making  the  following  conclusion,  which  is  very 
significant  for  a  correct  understanding  of  processes  in  systems  with  a  flowing 
sample:  although  the  precession  of  vector  X  in  every  moving  volume  element  occurs 
with  the  natural  frequency  the  emf  induced  in  receiving  coil  in 

steady-state  operation  of  the  system  has  the  same  frequency  x  as  the  phasing  signal. 

In  order  to  prove  this  property,  paradoxical  at  first  sigh.,  we  will  examine 
a  certain  motionless  volume  element  located  at  point  A  inside  the  receiving  coil. 
Obviously,  it  Is  characterised  ty  the  constant  interval  of  time  7a,  which  is 
required,  so  that  the  moving  particle  of  the  sample,  having  come  from  the  phasing 
field,  will  reach  point  A.1  But- this  means  that  the  phase  shift  of  precession  t(?s) 
Is  constant.  Urns,  at  a  fixed  point  (this  means  not  connected  with  any  defined 
particle  of  the  sample)  component  maintains  a  constant  direction  in  the  system 

•  i  i 

x  y  z  ,  i.e.,  it  revolves  together  with  the  system  with  a  frequency  :d.  Inasmuch  as 
by  A  we  can  imply  any  point  inside  the  receiving  coil,  the  result  formulated  above 
can  be  considered  proven. 

The  conclusion  at  which  we  arrived  does  not  contradict  the  presence  of 
free  precession  with  the  frequency  for  each  volume  element  of  the  flowing  sample. 
The  possibility  of  such  a  distinction  of  frequencies  is  due  to  the  fact  that  at  a 
given  moment  of  time  different  elements  of  the  volume  precess  with  unequal  initial 
phases  *(#) ,  since  i  for  them  is  different  (an  exception  is  only  the  case  of  a 
uniform  field  with  tuning  to  resonance,  when  x  and  coincide).  Inasmuch  as  the 
phase  relationships  in  the  system  with  a  flowing  sample  present  certain  difficulties 
fcr  understanding,  it  is  worthwhile  to  turn  to  the  clearest  model  possessing  the 

1 During  the  turbulent  flow  this  affirmation  is  true  only  on  the  average, 
however,  all  further  conclusions,  as  it  is  easy  to  see,  remain  in  force  if  the 
total  speed  of  the  flow  of  sample  through  the  system  remains  constant. 


_en_ 


same  properties.  let  us  consider  a  conveyer, 
on  which  clocks  are  assembled  (Pig.  8). 

For  simplicity  on  every  dial  only  one  hand  Is 
represented  (for  instance,  the  second  hand). 
Essentially  the  figure  for  the  nuclear- 
resonance  generator  would  look  exactly  the 
same,  with  the  only  exception  being  In  this 
case  the  length  of  the  hand  (i.e.,  the 
magnitude  of  ML)  would  gradually  decrease 
in  accordance  with  (25)  in  proportion  to 
movement  from  left  to  right  (see  Pig.  1). 

The  influence  of  the  phasing  field  is 
simulated  here  by  the  fact  that  at  point  $ 
every  clock  on  the  conveyer  is  set  to  the 
standard  clocks  3.  The  clocks  on  the  conveyer  are  assumed  identical,  but  their 
rate  of  movement  can  be  both  equal  (case  a,  corresponding  to  coincidence  of  »  and 
ju0)  and  unequal  (case  b,  illustrating  deviation  from  exact  resonance)  to  the  speed 
of  the  rate  of  the  clocks. 

In  the  first  case,  as  it  is  easy  to  see,  all  hands  are  parallel  (since  all  the 
clocks  show  the  same  exact  time).  In  the  second  case,  the  error  increases  in 
proportion  to  the  distance  from  point  ®.  However,  at  any  fixed  point  (for  instance, 
at  the  operating  place  designated  A) ,  this  error  is  constant  and  is  determined  only 
by  the  error  of  the  rate  of- the  clocks  on  the  conveyer  and  the  time  of  its  movement 
from  }  to  A,  Therefore,  from  the  point  of  view  of  the  operator  at  A,  the  clocks 
have  e  correct  rate  of  movement,  although  they  show  the  time  with  some  error.  The 

fact  that  in  reality  the  clocks  are  fast  is  compensated  by  the  replacement  of 

.  "  > 

clocks  a  by  clocks  a  ,  which  somewhat  lag  behind  a  ,  etc. 

Figure  8  allows  the  making  of  one  more  qualitative  conclusions:  the  maximum 
magnitude  of  the  signal  Induced  in  the  receiving  coil  takes  place  during  exact 
resonance  (*/#■•  o;  Fig.  8a),  since  in  Just  this  case  the  influences  of  all  volume 
elements  coincide  in  phase  and  accumulate.  In  proportion  to  the  detuning  of  the 
frequency  of  the  phasing  signal  the  amplitude  of  oscillations  in  the  receiving  coil 
should  drop  (In  a  limit  up  to  zero),  even  if  the  quantity  by  some  method  is 

maintained  constant.  Thus,  not  only  actual  phasing  (see  point  *&,"  §  2),  but 
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Fig.  8.  Phase  relationships  in  a 
nuclear-resonance  generator  with 
flowing  water,  illustrated  on  a 
model,  a)  speed  of  clock  movement 
on  the  conveyer  Is  equal  the 
speed  of  the  movement  of  the 
standard  clocks  (analogy  with  the 
case  of  an  exact  adjustment  to 
resonance,  •»-*);  b)  speed  of  the 
clock  movement  on  the  conveyer  is 
greater  than  the  speed  of  movement 
of  the  standard  clocks  (analogy 
with  the  case  *»*•). 


also  the  transmission  of  the  signal  into,  thr 
receiving  coil,  has  a  resonance  character, 
and,  at  least  for  the  established  conditions 
we  are  completely  Justified  in  saying  that 
the  system  operates  in  the  mode  of  a  narrow- 
band  nuclear-resonance  filter. 

In  order  to  obtain  amplitude-frequency 
and  phase -frequency  characteristics  of  this 
filter,  it  is  sufficient  to  formulate 
mathematically  the  above-mentioned 
qualitative  considerations.  The  volume 
element,  located  at  a  certain  point  A,  is 
characterized,  generally  speaking,  by  a 
greater  value  L  the  further  "downstream"  it 
is  located.  Therefore,  time  f  in  a  known  sense  can  be  considered  as  the  longitudinal 
coordinate  of  a  point  in  the  receiving  coil,  although  in  reality  the  dependence  of 
the  speed  of  flow  on  transverse  coordinates,  and  also  turbulence,  introduce  certain 
complications  (Pig.  9). 

Thus  for  we  have  traced  the  changes  of  the  vector  &  in  a  separate  volume  element 
of  the  sample  in  proportion  to  its  motion  through  system.  However,  the  signal  in 
the  receiving  coll  is  the  result  of  the  simultaneous  influence  of  many  elements  o t' 
the  volume,  which  are  characterised  at  the  same  moment  by  different  values  of  t  In 
*he  interval  from  %  to  *♦%.  Therefore,  it  becomes  necessary  to  Introduce  also 
the  flow  time  (  common  for  the  whole  system. 

Let  us  consider  the  totality  dV^  of  volume  elements  for  which  I  lies  in  the 
interval  from  K  to  $,'+£{»««  Pig.  9).  Evidently  the  signal  guided  by  them  can  b« 
written  aa 

(26) 

where  (c  is  the  sample  flow  rate  in  cm^/sec),  and  coefficient  dependr. 

on  properties  of  the  receiving  coll  and  also  on  the  position  of  the  examined  voiue* 
element  inside  the  coll  (more  accurately  only  on  coordinates  of  i,  since  it  is 


Pig.  9.  Schematic  representation 
of  the  flow  of  liquid  inside  the 
receiving  coll.  000  —  locus  of 
points  for  which  the  mean  value  of 

time  7  (i*e.,  time  necessary  for  a 
volume  element  of  the  sample  Just 
coming  from  the  phasing  field  to 
attain  a  given  point)  la  equal  to 

a l  the  mean  value  of  «  is 

designated  by  <«>.  xxx  -  the  seme 

for  »-a .  Turbulence  leads  to  a 

certain  scattering  of  instantaneous 

values  of  which  le  conditionally 
shown  by  shading. 
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assumed  that  within  dV1  averaging  is  realized).1  The  for*  of  notation  of  (28) 
remains  valid  in  the  presence  of  turbulence,  but  then  4(4)  must  considered,  average 
all  over  the  possible  scattering  of  positions  of  points  talcing  place  when  t  *  t^. 

Considering  (23)  and  producing  a  summation  of  influences  fro*  separate  parts 
of  the  sample,  we  obtain  the  expression  for  the  signal  induced  in  the  receiving 
coil: 

*.♦*  - 

to  J  4  (l)e"*ces  |wi +»(<)!  (29) 

• 

where  t(J)  Is  expressed  from  (27).  The  obtained  formulas  in  principal  allow 
determining  the  amplitude  and  phase  of  the  signal  by  numerical  methods;  however, 
calculations  will  Inevitably  appear  difficult,  since  finding  4(f)  requires  detailed 
information  on  the  distribution  of  speeds  of  flow  inside  the  receiving  coil  (of 
course  it  is  especially  difficult  to  consider  turbulence).  Therefore,  in  the 
same  way  that  it  was  repeatedly  done  above,  we  turn  to  a  somewhat  rougher 
approximation,  although  quite  sufficient  for  our  purpose,  which  will  allow 
continuing  calculation  in  the  general  form.  For  this  we  will  replace  4(?)  by  its 
mean  value  over  the  whole  volume  (i.e.,  along  I  from  \  to  %*+%);  furthermore , 
we  will  consider  the  field  HQ  uniform,  enabling  us  to  express  f  (t )  by  the  simple 
formula  (26).  We  obtain 

•A  - 

Jf)  J[  rncs^+fc-i+tj*  (?o) 


Calculation  of  integral  (30)  after  a  aer'ea  of  tranafornationa  givea: 


wnc  r t 


V 


■  ♦1 
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(51) 

(.«'■ 


;It  is  possible  to  show  that  s(i)  is  proportions!  to  the  average  (over  volume 
d'.^'  field  strergtn,  which  would  create  unit  current  flowing  in  the  receiving  coil. 

Ve  will  not  need  the  explicit  form  of  since  we  will  not  derive  formulas  for  the 
absolute  intensity  of  the  signal. 

Strictly  speaking,  the  last  factor  in  (28)  should  have  been  written  in  the  fore. 

m»  {wt+*(g)++i*Vi  ,  where  »  is  the  phase  shift  between  precession  and  the  induced 
signal,  in  turn  depending  or.  the  coordinates  of  the  volume  element.  Hcwe ve r  for 
th*5  region  inside  the  receiving  coil  the  indicated  dependence  is  small,  and  it  can 
be  cosqsletely  disregarded.  Then  e  »  const,  and  bj  the  eorrr  s^swiing  selection  of 
the  reference  point  of  time  C  It  id  possible  to  setlsfy  condition  .  -  0,  as  t  result 
cf  which  (281  is  obtained. 
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and 


Expression  (32)  and  (33)  art  the  sought  characteristics  (amplitude -frequency  and 
phase -frequency,  re spec t ire ly)  which  describe  properties  of  the  system  during  its 
operation  the  narrow-band  nuclear-resonance  filter  mode.  In  general,  M,  (0)  and 
in  turn  are  functions  of  <•  ^or  in  accordance  with  (22).  However,  in  the 

usual  structures  of  the  volume  of  the  sample  occurring  in  a  phasing  field,  many  are 
less  than  the  internal  volume  of  the  receiving  coil  (i.e.,  ^««„).  Thi®  requires 
comparatively  large  H^,  and  from  (22)  it  is  easy  to  see  that  the  dependence  of 
and  Tt  on  IN  becomes  immaterial.  In  limit 


(34) 

Ve  can  say,  moreover  that  in  virtue  of  the  brevity  of  the  time  of  stay  of  the 
sample  in  the  phasing  field,  the  process  of  phasing  possesses  a  considerably  wider 
frequency  response  curve  than  the  subsequent  transmission  of  the  signal  into  the 
receiving  coll. 


10.  Amplitude-f requency  response  curves 
of  the  nuclear-resonance  filter. 

Response  curves  (J2)  and  (33)  are  presented  graphically  in  Figs.  10  and  11  Tor 
five  different  values  of  ^  .  They  clearly  illustrate  the  broadening  of  the 
resonance  curve  (and,  c or res,  ending ly,  the  decrease  of  the  slope  of  the  phase 


.u. 


response)  In  proportion  to  the  reduction  of  the  time  of  stay  %  of  the  volume 
element  in  the  receiving  coll.  It  should  be  noted  that  here  as  usual,  the  resonance 
curve  for  transmission  through  the  system  of  the  external  (inducing)  signal  coincides 
with  the  envelope  of  the  spectrum  of  corresponding  free  process;  the  latter  in  this 
case  is  the  segment  of  the  damped  sinusoid  {resonance  frequency)  included  in  the 
interval  from  to  In  particular,  when  the  damping  of  precession 

inside  the  receiving  coil  is  almost  complete,  and  the  envelope  of  the  spectrum  tends 
toward  the  usual  Lorentz  circuit.  This  circumstance  is  easily  established  also 
fcr  the  resonance  curve  (32),  since  the  last  cofactor  (radical)  in  thla  expression, 
becomes  unity  when  The  Lorentz  circuit  and  the  phase  response  corresponding 

to  It  are  shown,  as  limiting  cases,  on  Figures  10  snd  11.  On  the  other  hand,  it  is 
possible  to  show  that  during  immaterial  damping  (*«■)  a  transition  takes  place  to 
the  spectrum  of  a  square  pulse  with  sinusoidal  filling. 

) 


t 
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Fig.  11.  Phase -frequency  response  curves  of 
the  nuclear-resonance  filter  with  a  moving 
sample.  Along  the  axis  of  ordinates  function 

(33)  i'j  plotted  fcr  the  case  *«*  and  ^-a 

From  *  33)  It  directly  follows  that  If,  furthermore,  condition  (3*) 

is  fulfilled,  ♦m-0.  We  can  say  that  the  reference  point  of  time  f  accepted  by  us 
is  sc  selected  that  the  phase  of  the  signal  Is  measured  from  Its  value  in  the 
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absence  of  detuning. 

In  conclusion  let  us  discuss  the  dependence  between  the  amplitudes  of  signals 
at  the  iaput  and  at  the  output  of  system.  If  we  were  to  change  the  amplitude  of  the 
phcaing  action,  leaving  the  remaining  parameters  of  the  system  constant,  then  At,(0) 
will  change  in  accordance  with  (22)  or  (34).  On  the  other  hand,  the  signal  in  the 
receiving  coil  depends  linearly  on  M,(0i  Thus,  in  the  considered  case  the  amplitude 
characteristic  of  the  filter  essentially  coincides  with  (34).  With  small  H.  it  can 
be  considered  linear.  With  an  increase  in  the  amplitude  of  the  signal  nonlinearity 
described  by  the  sine  law  appears  at  the  input 

c)  Operation  in  the  Nuclear-Resonance 
Generator  Mode 

The  case  of  the  closing  of  the  feedback  circuit  by  means  of  supplying  to  the 
phasing  coila  an  amplified  signal  of  free  nuclear  induction  represents  the  greatest 
practical  interest.  However,  there  is  no  need  to  discuss  it  much,  since  properties 
of  the  self -oscillation  system  are  easily  derived  from  characteristics  of  the 
nuclear-resonance  filter,  connected  in  the  feedback  circuit,  end  these 
characteristics  have  already  been  derived  by  us  in  the  preceding  point. 

Let  us  first  of  all  discuss  the  question  of  self -excitation  of  the  system. 

The  well-known  condition  according  to  which  the  sum  of  the  phase  shifts  of  the 
signal  during  the  bypass  along  tne  feedback  coll  should  be  an  integral  multiple  of 
2* 

(35) 

can  be  satisfied  by  the  corresponding  fine  adjustment  of  the  phase  inverter  connected 

included  between  the  amplifier  and  the  phasing  coils.  For  typical  designs  of  the 

-3  -4 

nuclear- resonance  filter  the  transmission  factor  is  of  the  order  of  10  -10  . 

Thus,  for  the  appearance  of  natural  oscillations  it  is  sufficient  to  ensure  an 
amplification  factor  of  the  order  of  several  thousand.  Inasmuch  as  the  amplitude 
characteristic  (34)  has  the  greatest  Bteepness  near  ^  »  0,  we  should  expect  mild 
conditions  of  self -excitation.  As  was  already  mentioned.  Just  such  conditions  have 
been  observed  in  practice.  With  an  Increase  in  feedback  the  increase  in  the 
amplitude  of  oscillations  is  limited  by  nonlinearity,  it  is  interesting  to  note  that 
lr.  thit  case  the  nonlinearity  is  caused  not  by  properties  of  tube,  but  by  the 
condition  A4«»eo«a,  Af* < M  in  the  phasing  process.  The  limiting  amplitude  is 
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attained  with  a  feedback  at  which  becomes  equal  to  "jjjj-.  A  further  increase  of 
the  amplification  factor  in  the  considered  closed  circuit,  as  the  experiment  shows, 
leads  to  unstable  conditions  reminiscent  of  pulse  generation.  No  theoretical 
analysis  of  this  case  has  thus  far  been  produced. 

The  very  high  slope  of  the  phase-frequency  response  curve  of  the  nuclear- 
resonance  filter  leads,  in  accordance  with  (35) »  to  the  effect  of  the  stabilization 
of  the  frequency  of  the  generator  by  the  resonance  frequency,  i.e.,  to  the  automatic 
tracking  of  the  level  of  the  measured  field  mentioned  in  point  "b,w  §  1.  This 
effect  is  absolutely  analogous  to  the  stabilization  of  the  frequency  with  the 
help  of  a  quartz,  and  also  to  processes  in  different  types  of  molecular  generators. 
Like  all  such  devices,  the  nuclear-resonance  generator  is  characterized  by  which 
coincidence  between  the  generated  and  natural  frequencies  although  very  good,  is 
still  not  absolute:  equality  (35)  in  general,  is  satisfied  at  a  x  different  form  xQ. 

In  view  of  the  paramount  importance  of  this  problem  for  the  determination 
of  the  real  accuracy  of  measurement  of  magnetic  fields  by  the  method  considered  it 
is  necessary  to  dwell  on  it  in  greater  detail,  For  this  let  us  separate  from  the 
sum  in  (35)  the  phase  response  of  the  receiving  circuit  possess  a  negligible 
frequency  dependence  of  the  phase  shift  introduced  by  them: 

.  (36) 

where  is  the  resonance  frequency  of  circuit,  ibs  time  constant,  and  Q 

its  quality.1 

It  is  expedient  to  select  the  adjustment  of  the  above-mentioned  phase  inverter 
in  such  a  way  that  will  prove  to  be  close  to  zero  (a  phase  which  is  a  multiple 

of  2rr  is  of  no  practical  interest,  and  we  subsequently  will  omit  it).  At  the  same 
time,  for  the  purpose  of  the  preservation  of  generality  of  conclusion,  the  exact 
equality  of  this  sum  to  zero  will  not  be  assumed.  Taking  into  account,  furthermore. 


■xLot  us  note  that  sufficiently  well-known  expression  used  here  for  the  phase 
response  of  the  oscillation  circuit  can  also  be  obtained  by  means  of  analogy  from 
the  above-mentioned  results.  For  this  it  Is  necessary  in  (33)  to  turn  to  the 

Lorentz  circuit  (*;  =  •.  «•)  and  to  replace  T0  by  T^. 

The  expression  wag  •)  pertains  to  the  phase  shift  of  the  current  in  the 

receiving  coil  with  respect  to  external  emf.  The  signal  picked  up  in  parallel  to 
the  oscillation  circuit,  of  course,  in  turn  will  be  out  of  phase.  However,  we 
consider  that  this  circumstance,  like  other  constant  shifts,  is  allowed  for  in 

I 
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(33)  and  (22),  condition  (33)  can  be  written  in  the  explicit  form 


O' 

—am  *  v**^~** 

I-/  ' 

Shis  equality  can  be  considered  as  the  equation  for  determining  the  generated 
grequency  so.  In  the  most  practically  important  case  of  small  detuning  (i.e., 
within  the  linear  section  of  the  steepest  of  the  participating  phase  responses) 
instead  of  (37)  we  have 


+IM*— 


whence 


Let  us  note  that  during  the  construction  of  a  more  complete  theory  we  should 
consider  also  the  possibility  of  direct  induction  from  the  phasing  coils  to  the 
receiving  coil  combined  with  the  useful  signal,  which,  in  general,  will  lead  to 
the  appearance  of  one  more  cause  of  the  frequency-dependent  phase  Bhift.  A 
preliminary  consideration  of  this  question  showed,  however,  that  with  small  ♦(«-) 
direct  induction  changes  basically  the  amplitude  of  the  signal,  but  not  Its  phase. 
Thus,  formula  (39)  remains  valid,  although  the  limits  of  its  applicability  will 
demand,  perhaps,  a  more  precise  definition. 

Summing  up,  we  can  say  that  the  condition  of  generation  of  the  signal  exactly 
with  the  resonance  frequency  is 

J-0.  (40) 

In  particular,  if  ^AfywO,  the  receiving  circuit  should  be  exactly  tuned  to  the 
resonance  frequency. 

It  should  be  considered,  that  changes  continuously  together  with  the  measured 
field,  for  which  (40)  cannot  be  satisfied  once  and  for  all.  In  order  to  clarify 
cb«  possible  magnitude  of  the  appearing  error,  it  is  expedient  to  consider  a  typical 


numerical  example.  Let  us  assume  that  'JDq  and  sec  ,  ■  3*10“^  sec, 

T2  =>  3  sec,  t,=6  sec,  and  that  the  first,  second,  and  fifth  components  in  the 
denominator  of  (39)  can  be  disregarded.  We  obtain 

.-N+0J44S'At«+iTO*.  (41) 

For  instance,  if  and  rad,  the  error  in  the  generated  frequency  will 

d  * 

be  0.0544  sec  ,  i.e.,  about  0.2  7  in  units  of  the  field.  Further,  the  detuning 
of  the  receiving  circuit  enters  into  the  result  with  the  coefficient  1/613.  Thus, 
the  number  613  in  the  considered  example  has  the  meaning  of  the  stabilization 
factor  of  frequency  of  the  generator  owing  to  the  inclusion  into  the  feedback  circuit 
of  the  nuclear-resonance  filter. 

The  above-mentioned  figures  correspond  to  Qm&,  and  from  considerations  of 
the  preservation  of  the  intensity  of  the  signal  it  is  undesirable  to  allow 
detuning  m,  greater  than  ±j^,  i.e.,  ±  Hisec'1  (it  is  easy  to  show  that  this 

corresponds  to  27#  decrease  of  amplitude  of  the  signal  of  the  generator  or  greater, 
depending  upon  its  conditions).  With  such  detuning  the  error  in  the  measurement  of 
the  field  will  be  ±>1- 

Thus,  the  error  due  to  the  inaccurate  adjustment  of  the  receiving  circuit  is 
indeed  small  and  cannot  serve  as  an  obstacle  for  the  use  of  the  nuclear-resonance 
generator  for  magnetometric  purposes.  At  the  same  time,  during  the  designing  of 
this  principle  of  especially  sensitive  instruments  it  is  necessary  to  provide  for  a 
certain  method  allowing  the  weakening  or  compensating  of  the  influence  of  this 
factor.  We  can  point  out  at  least  three  such  methods: 

1)  A  sufficiently  accurate  automatic  fine  adjustment  of  the  receiving  circuit. 

In  the  example  considered  the  measuring  error  will  not  exceed  if  8»  —  a*  is 

held  within  ±5cps.  These  limits  can  be  expanded  by  means  of  lowering  the 
quality  Q. 

2)  Retuning  of  the  circuit  by  means  of  selection  of  one  of  the  discrete  values 
of  0 4/,  each  of  which  corresponds  to  a  separate  range  of  measurements.  The  error 
in  each  range  is  corrected  during  calibration  of  the  instrument. 

3)  The  creation,  instead  of  a  receiving  circuit,  of  systems  with  a  mildly 
sloping  phase  response.  The  simplest  variant  is  an  untuned  receiving  coil.  Such 
a  way  is  conjugate  with  deterioration  of  the  signal-to-noise  ratio  by  tin-  c. 
However,  the  nuclear- resonance  generator,  apparently,  is  able  to  ope rat*  normally 
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during  low  signal-to-noise  ratios,  and  before  supplying  the  frequency  meter  this 
ratio  can  be  improved  with  the  help  of  an  additional  narrow-band  filter  or  amplifier, 
not  entering  into  the  feedback  ring.  Another  possibility  is  in  the  development  of 
more  complex  oscillatory  circuits  (for  Instance,  coupled  circuits)  with  a  sloping 
section  of  the  phase  response  in  a  certain  interval  of  frequencies,  with  the 
preservation  of  gain  in  the  amplitude  of  the  signal  owing  to  resonance. 

It  is  very  possible  that  in  the  process  of  further  development  it  will  prove 
expedient  to  use  not  one  of  the  indicated  methods  but  some  combination  of  them.  The 
interesting  but  as  yet  almost  untouched  problem  is  the  creation  of  methods  of 
control  of  the  magnitude  of  error  in  the  process  of  the  instrument's  operation. 

It  is  not  excluded  that  it  will  be  possible  to  carry  out  such  a  control  by  means 
of  an  artificial  supply  of  direct  induction  from  the  phasing  coils  to  the  receiving 
coil  and  measurement  of  the  appearing  frequency  drift  of  the  generator. 

Almost  all  the  theoretical  conclusions  pertained  to  the  steady-state  operating 
conditions  of  the  instrument  and,  besides,  in  the  uniform  external  field  HQ.  A 
more  general  theory  as  yet  is  absent,  in  connection  with  which  here  we  will  be 
limited  only  a  few  additional  remarks. 

A.  Operation  in  a  nonuniform  field  Hg.  With  small  heterogeneities  the 
instrument  measures  the  average  field  in  the  volume  of  the  sample  located  inside  the 
receiving  coil.  Moreover,  in  connection  with  the  natural  damping  of  precession, 
the  volume  elements  located  "downstream"  will  enter  with  smaller  weight.  If  the 
gradient  of  the  field  exceeds  along  the  axis  of  the  instrument  (or 

—QJB ~ 0.7i/cm  in  a  transverse  direction),  it  will  start  to  show  a  decrease  of  amplitude 

of  the  signal  owing  to  the  dephasing  of  nuclear  precession.  Furthermore,  the 
average  frequency  of  precession  in  the  receiving  coll  will  be  already  noticeably 
different  from  the  resonance  frequency  in  the  region  of  the  phasing  field.  As  a 
result  of  this  there  will  appear  an  additional  detuning  of  the  phasing  signal,  i.e., 

the  phase  shift  f*,  and  together  with  that  the  generated  frequency,  to  a  certain 

degree  will  depend  on  the  character  of  heterogeneity  of  the  field;  this  effect, 
obviously,  will  be  lesser  the  greater  the  magnitude  of  the  phasing  field  It  is 

necessary,  however,  to  note  that  for  the  majority  of  practical  applications  (we 
have  in  mind  geomagnetic  measurements)  the  case  of  considerable  gradients  is  not  or 
special  interest.  Indeed,  the  source  of  heterogeneity  of  the  field,  especially  ths- 
remote  one,  almost  inevitably  will  noticeably  influence  the  average  quantity  H0, 
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RADIATION  OP  Sb 


125 

N.  M.  Ant  on'  ye  va  and  0.  S.  katykhin 

The  radiation  of  Sb12^  (^1/2  “  2.6  ±  0.1  g)  [1]  has  been  studied  earlier  by 

125  12*5 

many  researchers  [2-5] >  but  as  yet  the  complicated  decay  scheme  Sb  Te 

has  not  been  established. 

125 

In  this  work  the  0-spectrum  and  conversion-electron  spectrum  of  Sb  ^  were 
studied  with  the  help  of  a  magnetic  spectrometer  of  the  Ketron  type  [6]  and  also 
a  magnetic  spectrograph  of  the  Banian  type  with  a  resolving  power  of  0.15 %  and  with 
measurement  of  the  magnetic  field  by  the  method  of  proton  resonance. 

The  investigations  we‘ e  carried  out  with  one  source,  which  was  obtained  by 
chemical  isolation  from  tin  irradiated  by  neutrons.  In  view  of  the  small  specific 
activity  the  preparation  was  quite  thick,  and  therefore  the  measurements  were 

conducted  practically  starting  from  ~70  kev. 

125  125 

P-apectrum  of  Sb  J .  The  general  form  of  the  0-spectrum  of  Sb  and  the 

conversion-electron  spectrum  obtained  by  us  is  shown  in  Pig.  1. 

125 

The  Kurie  plot  for  the  continuous  0-spectrum  of  Sb  is  shown  in  Fig.  2.  As 
can  be  seen  from  this  figure,  the  0-spectrum  is  complicated.  T^ie  boundary  of  the 
hard  component  of  the  0-spectrum  is  equal  to  (628  t  3)  kev.  Tfte  value  lg  ft  is 
great  for  this  transition  and  equal  to  9-0.  The  segment  of  the  Kurie  plot 
characterizing  the  hard  component  is  small,  t.  total  of  450  to  540  kev:  on  the  par’ 
of  low  energies  a  softer  0-spectrum  is  superimposed  with  E  -  430  kev,  and  on  the 
part  of  high  energies  conversion  lines  of  y-tran^itions  are  superimposed  with 
energies  of  600,  606,  and  635  kev.  This  hampers  the  investigation  of  the 
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Fig.  1.  General  fora  of  the  3-spectrum  and 
conversion-electron  spectrum  of  Sb12^. 


Fig.  2.  Kurie  3-spectrum  plot  of  Sb12^. 


3-spectrum  form. 

For  the  determination  of  relative  intensities  of  components  of  the  B*spectrum 
i!  is  necessary  to  obtain  a  softer  spectrum  by  subtraction  from  the  experimental 
spectrum  of  the  hard  component,  etc.  In  all  cases  we  assumed  that  the  Kurie  plot 


of  the  hard  component  is  rectilinear. 

125 

Data  cm  the  measurement  of  components  of  the  3-spectrum  of  Sb 


are  given  in 


i 
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Table  1  Table  1.  It  should  be  noted  that  the  0-spectrum  with 

Ep  <  300  kev  is  complicated.  For  an  investigation 
of  this  region  of  the  0-spectrum  a  thinner,  recently 
isolated  source  of  Sb^2^  (without  Te12^*)  is  necessary. 

In  the  theses  of  the  12th  Annual  Conference  on 
Nuclear  Spectroscop  [7]  we  erroneously  gave  a  weak 
(l.tyf)  hard  component  with  an  end-point  energy  of  750  kev.  The  relative  intensity 
of  this  component  as  compared  to  the  component  01  628  kev  was  changed  in  time 
(~8  months) . 

125 

Conversion-electron  spectrum  of  Sb  .  The  spectrum  of  conversion  electrons 
observed  by  us  consists  of  21  lines  corresponding  to  12  -> -transitions.  Data  on  the 
energies  of  the  y-transitions  and  on  relative  intensities  of  the  conversion  lines 
are  given  in  Table  2. 


Up  to  now  there  has  been  no  complete  information  in  literature  on  the  conversion 
125 

eLectron  spectrum  of  Sb  .  Relative  intensities  of  conversion  lines  and  the  ratio 
K/(L  +  M)  were  determined  by  us  for  the  first  time. 

Conversion  lines  of  •y-transitions  with  energies  of  206,  320,  376,  and  }60  kev 
art  on  the  intense  0-spectrum,  and  therefore  their  observation  is  hampered.  The 
conver8lonal  line  K-376  was  observed  by  us  only  on  the  magnetic  spectrograph 
as  a  very  weak  line.  Its  existence  requires  still  an  additional  check. 

Figures  3  and  show  sections  of  the  0-spectrum  with  groups  of  conversion 
lines.  In  view  of  the  fact  that  the  difference  of  energies  of  conversion  lines  L 
and  M  is  relatively  small  (for  Te  of  3.9  Kev),  tnese  lines  were  not  resolv  d  by  uc. 
and  we  had  to  calculate  the  area  of  the  total  line  (L  +  M).  However,  it  Is  known 


-65- 


Fig.  3.  Section  of  the  0-spectrum  Pig.  4.  Section  of  the  0-spectru*  with 
with  group*  of  conversion  lines  groups  of  conversion  lines  K-,  L-600.3,  K-606 , 

K-,  L-427.6,  and  1C-,  L-463.1  kev.  K-,  L-635.6  and  K-670  kev. 

that  In  many  cases  M/l  s:  0.25  (8J.  Therefore,  for  an  appraisal  of  the  K/L  ratio, 
an  the  basis  of  the  known  ratio  K/(L  +  M)  we  used  the  following  approximate  equality 

f  +r)  * rra- 

The  values  thus  obtained  for  K/L  are  given  In  the  last  column  of  Table  2. 

lor.  12*} 

Energy  of  y-rays  of  Sb  .  Values  of  energies  of  y-raya  of  Sb  ,  according 
to  different  authors,  are  given  In  Table  3. 


Table  3 


In  wcrKf  (9,  10)  for  the  de'cermlnat.  -  .  of  the  energy  of  >-rays  data  r-  a 
both  on  conversion  electrons  and  also  on  photoelectrors .  But  investigations  *n  r< 
conducted  with  thick  preparations  and  on  a  lens  spectrometer  with  a  resolving  pow*  r 
of  3.5-5$.  In  work  fill  the  energy  of  >-rays  was  measured  m  s  scintillation 
, -spectrometer. 
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The  most  exact  values  of  energies  of  -/-rays  are  given  In  our  work  and  work  [4], 

We  determined  the  energy  by  the  method  of  proton  resonance  on  a  magnetic 

spectrograph  with  a  resolving  power  of  0.15^.  In  work  [4]  energies  of  transitions 
were  measured  by  an  absolute  comparison  with  standard  conversion  lines  ThB. 

The  transition  of  35.6  kev  was  not  measured,  in  view  of  the  presence  of  a  thick 
source.  We  have  no  hint  of  the  presence  of  y- transitions  with  energies  of  109* 

171,  2C3,  and  652  kev.  The  conversion  lines  of  -/-transitions  with  energies  of  109 
and  171  kev  could  not  be  noticed  on  a  ketron,  since  the  resolving  power  on  line 
K-175  was  ~i£,  instead  of  the  instrument  0.5%.  The  K  lines  of  thjse  transitions 
could  not  be  resolved  from  the  intense  conversion  lines  K-109.3  and  K-l/6.3. 

The  conversion  line  K-203  merges  in  energy  with  L-176.3  and  also  could  not  be 
noticed.  All  these  conversion  lines  had  to  be  resolved  on  the  magnetic 
spectrograph,  but  we  did  not  observe  them  on  the  plate.  Apparently,  the  exposure 

time  was  insufficient.  This  is  confirmed  by  the  fact  that  conversion  lines  of 

, -transitions  with  energies  of  206  and  320  kev,  the  intensity  of  which*  apparently, 
are  greater,  are  not  noticed  on  the  plate. 

The  conversion  line  K-652  should  be  between  lines  K-635.6  and  L-635.6.  If  it 
Is,  then  its  intensity  is  0.5  less  than  the  intensity  of  IC-427. 

Multipolarity  of  transitions.  The  large  number  of  lines  in  the  -/-spectrum  of 
Sb12^  indicates  the  complexity  of  the  decay  scheme  of  this  Isotope.  For  constructing 
a  decay  scheme  knowledge  of  the  multipolarity  of  transitions  is  important.  We 
tried  to  determine  the  multipolarity  of  certain  transitions  from  an  analysis  of 
the  conversion  spectrum,  (liven  in  Table  2  are  the  ratios  of  coefficient  of 
conversion  on  shells  K  and  L  for  certain  transitions.  A  comparison  with  theoretical 
values  [12],  given  in  Table  4,  for  different  multipolarities  makes  it  possible  to 
assume  the  type  of  transition.  As  can  be  seen  from  the  table,  single-valued  simple 
ascribing  of  the  type  of  transition  by  these  data  cannot  b^  made. 
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Dacay  scheme  8b  ^-Te*2^.  The  first  decay  scheme  wsb  proposed  by  Siegbahn 
)].  Later  it  was  refined,  and  the  most  oomplete  scheme  Is  given  In  the  work  of 
Lazar  [11]. 

Our  data  allow  only  to  define  more  accurately  energies  of  certain  levels.  In 
Fl«.  5  the  scheme  of  Lazar  is  represented  with  our  more  precise  definitions. 

In  the  work  of  Narcisi  14] 
the  decay  scheme  is  not  given,  but 
energies  spins,  and  parities  of 

m 

g|l  levels  are  indicated:  0  kev 

M  (1/2+) ;  35.6(3/2+) ;  145.0(11/2-); 

321.3(9.2-);  462.0(5/2+); 
524.1(7/2-  or  9/2-);  633.6(5/2+); 
639.7(7/2+);  652(?)  and 
667.8(5/2+). 


nt0  l #*  M*r~* 


**  tr 

*  r 


Energies  of  these  levels 
agree  well  with  energies  of  levels 
in  tne  Lasar  scheme,  In  which  are 
placed  all  tne  observed 
>- transit Ions,  except  the  two 


125  _  ^125 


rig.  5.  Decay  scheme  of  Sb125  -  I*125.  *lth  606  (by  our  data) 

or  604.1  Sev  (according  to 

Kat-clsi)  and  2  kef  (according  to  HarvUi),  For  the  distribution  of  these 
transitions  two  additional  levels  tro  introduced  into  work  [4]:  639.7  and  652  kiv. 

The  ^-spectra  observed  by  ua  with  end-pci,1.  energ4ee  of  626,  4jo,  and  300  ,<<v 
proceed  corTesponaingiy  to  levels  145,  321.3  and  '->3.1  kev,  as  it  was  indicated 
earlier  (Q,  li,  13], 

1  yr. 

The  ^-transition  t-om  the  basic  state  of  Jo"  f /2+ )  to  the  **taa  table  U-v. : 

of  Te  ■'with  tlw  energy  of  1*5  mv  (ii/?-;  ir.  characterized  by  lg  ft  -  9.0. 
Areordinu  -is  selection  rules  CJ  -  2,  tut  it  should  be  referred  to  the  unique 
transition  of  the  first  forbidden* ss.  k  ccmpsrlscr  of  the  fscloi*  of  the  form  of 
p~frp*etrua  of  Sf  by  the  work  of  Zyryanov*  [14;  with  experimental  factors  leads 
to  an  unexpected  result  —  the  resolved  for®  of  the  spectrum. 

in  c<,nc  1  ks Lon  tft?  author*  consider  it  their  pleasant  uuty  to  express  gratitude 
co  V.  I.  Perriswnd,  who  participated  in  the  analysis  and  dlscussior.  rf  ita  result.; 


A.  A.  Zhdanov,  for  the  investigation  on  the  magnetic  spectrograph;  and  also  N 
Stegalkina,  L.  Kolmykova,  and  Yu.  Golubev  for  their  help  in  the  measurements. 
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_  mi  Ike  spectrum  of  coavtretoa 
_ wMi  Mm  Mdp  o (  the  .coetroa*  type 

■star  ^a>0U*}.  **d  •  MsgMttc  spectrograph  wflh 
«ms*mg^-«0,W*).  mo re  precise  data  of  the  Sk*fdaeay  j* mg  at- 
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DEPENDENCE  OP  ANGLES  OF  ORIENTATION  IN  DYNAMIC  DOUBLE 
REFRACTION  ON  THE  VELOCITY  GRADIENT 

V.  P.  Budtov 

Consideration  of  Anisotropy  of  a  Hydrodynamic 
’  Interaction 

During  the  study  of  double  refraction  in  the  fie 3d  of  the  velocity  gradient 
we  usually  encounter  two  problems:  the  study  of  the  double  refraction  during  small 
hydrodynamic  stresses  and,  in  the  whole  scale,  of  stresses  obtainafe  experimentally. 
The  first  allows  us  to  make  definite  conclusions  about  the  form,  chemical  structure, 
thermodynamic  flexibility,  and  other  properties  characterizing  the  macromolecule  in 
the  undisturbed  flow  state.  The  second  allows  to  us  to  judge  the  behavior  of 
macromolecules  in  flow,  i.e.,  on  the  deformation,  orientation  and  kinetic  rigidity 
of  the  molecules. 

The  region  of  small  hydrodynamic  stresses  has  been  studied  well  enough  both 
experimentally  and  also  theoretically.  However,  in  the  region  of  large  velocity 
gradients  there  exists  only  a  qualitative  conformity  of  experimental  data  with 
theoretical  positions  [1-4]. 

The  theory  of  the  dependence  of  the  angle  of  orientation  on  the  velocity 
gradient  was  developed  most  fully  for  rigid  ellipsoids  [5,  6],  Experimental  data 
for  solutions  of  rigid  macromolecules  indicate  that  qualitatively  the  predictions 

of  the  theory  are  Justified;  however,  for  the  best  coincidence  it  is  necessary, 

to  consider  the  influence  of  polydispersity  of  the  sample  [7,  8], 

For  Ideally  flexible  macromolecules  W.  and  H.  Kuhn  obtained,  at  all  velocity 

gradients,  [9] 
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(1) 


where  — X  is  the  angle  between  directions  of  orientation  of  the 

m&cromolecules  and  the  flow  rate);  g  (m  is  the  molecular  weight,  [tj]  the 

characteristic  viscosity,  R  the  gas  constant,  T  the  absolute  temperature,  g  the 
velocity  gradient,  >j0  viscosity  of  the  solvent). 

In  the  case  of  kinetically  rigid  coils  for  the  effect  of  intrinsic  anisotropy 
they  obtained,  at  small  velocity  gradients,  [10] 

-U.7T+... )«*[!-  1,3(3M*  +  ...].  ( 2 ) 

It  is  clear  that  initial  slopes  of  the  dependence  of  the  angle  of  orientation  on  g 
for  the  kinetically  flexible  model  are  three  times  less  than  for  the  kinetically 
rigid  model;  however,  with  an  increase  in  the  velocity  gradient  this  difference 
decreases. 

Using  the  distribution  function  for  a  kliietically  rigid  coil  [10]  we  obtain 
for  the  angle  of  orientation  of  the  effect  of  form  (the  model  of  the  equivalent 
ellipsoid  [11]  and  model  Copie  [12]  at  small  velocity  gradients  coincide): 

-WP*  + . .  ft  -  MS ASflP  +  ...}.  ( 3 ) 

Thus,  it  is  clear  that  with  a  decrease  in  kinetic  rigidity  of  tne  coil  (ratio 
of  the  internal  viscosity  to  the  viscosity  of  the  solvent)  the  character  of  the 
dependence  of  the  angle  of  orientation  on  the  velocity  gradient  changes. 

1.  Dependence  of  the  Angle  of  Orientation  on  the  Velocity 
Gradient  and  Concentration  of  the  Polymer 
in  Solution 

We  studied  angles  of  orientation  of  solutions  of  polymethyl  methacrylate 
[PMMA]  (nMMA)  in  tetrabromoethane  [acetylene  tetrabromide]  for  six  fractions  and  mi 
unfractionated  sample  in  the  region  of  velocity  gradients  from  4  to  2000  sec 
The  obtaining  and  fractionation  of  PMMA  and  the  characteristics  of  the  instrument 
are  given  in  a  previous  work  [i?].  Solvents  were  selected  so  that  the  effect  studied 
was  the  only  effect  of  form.  The  viscosity  of  solvents  varied  from  6  to  15.  t  op. 

During  the  study  of  the  gradient  dependence  of  the  angle  of  orientation  in 
tne  region  of  medium  velocity  gradients  various  authors  [7,  8,  14,  15]  have  citt  d 
ratios  which  are  a  particular  case  of  the  relationship  [8]: 

+4f(v-\). 

where  j)  is  numerical  coefficient,  tj  the  viscosity  of  solution,  t  the  initial  siop< 


of  the  angle  of  orientation.  On  the  basis  of  this  empirical  dependence  [8]  a 
method  was  proposed  for  obtaining  the  "initial  slope"  t  of  the  angle  of  orientation. 
However,  as  the  author  himself  stresses  this  relationship  [4]  is  accurate  only  in  a 

.  defined  region  of  velocity  gradients. 

^  We  showed  that  in  the  region  of 

«  ,  small  velocity  gradients  la  a 

n  i  i  ia  i 

'“•» 11  u  ^  parabolic  function  of  g  (Pig.  1). 

«  m  iS  we  "&T'  f ,7T-i  Thus,  in  finding  the  "initial  slope" 

Fig.  1.  Dependence  of  the  quantity  £  T  of  the  an«le  of  orientation  it  is 


on  the  velocity  gradient  for  solutions  of 
V  fraction  in  solvents  with  various 
viscosities.  1  —  15.6;  2  —  11.4; 

3  -  9.4;  4  —  6.6  cp. 


necessary  to  present  as  a  function 

of  gT,x  then  on  the  axis  of  ordinates 
the  segment  equal  to  t  is  cut  off. 


For  all  the  solutions  studied  t  were  found  by  this  method.  However,  the  enumerated 
methods  are  inaccurate,  since  the  extrapolation  to  g  -*  0  is  produced  basically  by 
measurements  obtained  at  small  velocity  gradients,  where  there  is  a  large  er’  r  of 
the  measurements. 

If  we  express  then  the  experimental  points  for  solutions  of  the 

given  fraction  in  the  given  solvent  fall  on  one  curve  for  all  concentrations.  As 
a  result  we  find  it  possible  to  find  t  on  the  whole  curve  which  expresses  the 
dependence  of  the  angle  of  orientation  on  the  velocity  gradient.  The  convenience 
of  this  method  is  that  the  possibility  appears  to  checking  the  correctness  of  the 
finding  of  t  by  measurements  at  large  g  and  large  concentrations  of  polymer  in  the 
solution. 

For  small  viscosities  of  the  solvent  (large  kinetic  rigidity  of  the 
macromolecule)  this  method  coincides  with  the  method  of  Peterlin  [16]  when  tg  2m 
is  represented  as  a  function  of  (x  is  proportional  to  ?T*)- 

Consequently,  we  managed  to  find  the  generalized  parameter  fcx,  which  is 
determining  in  the  kinetics  of  orientation  of  macromolecules  in  flow.  The  obtained 
results  reflect  the  fact  that  the  orientation  of  dynamic  double  refraction  during 
any  velocity  gradients  depends  on  the  time  of  relaxation  t,  both  the  relaxation 
time  of  orientation  (great  kinetic  rigidity)  and  the  relaxation  time  of  deformation 


1The  exponent  of  g  in  the  original  text  is  illegible;  "gT"  appears  below  and 
may  be  the  quantity  used  here  (Tr.  Ed.  note). 
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Pig.  2.  Dependence 
of  quantity  Jg  2<p  on 

gr  for  solutions  of 
fraction  V  in 
butylacetate  (1),  in 
methyl  ethyl  ketone 

2) ,  and  in  acetone 

3)  .  Points  for 
different  concentra¬ 
tions  in  Figs.  2,  3, 
4,  5  are  designated 
by  various  signs. 


Fig.  3.  Dependence 
of  quantity  tg  2<P  on  • 

gr  for  solutions  of 
fraction  V  in  bromoform 
(1)  and  in  tetrabromo- 
e thane  at  temperature^ 

t  =  21°( 2) ,  t  =»  15°(3) , 

t  *  7°C(4). 


Fig.  4.  Dependence  of 

quantity  tg  2?  on  gr  for 
solutions  of  fraction  IV 
in  tetrabromoethane  at 
temperatures  of 

t  =  26°C(1) ,  t  =  21 °C ( 2) , 

t  =  15°C(3). 


(greet  flexibility  of  raacromolecules)  (Figs.  2-5).  The  dependence  tg  2<P  =  f(gt) 
when  gx  <  1  has  the  form 

.  .p 

It  should  be  noted"  that  in  the  viscous  solvents  ( t]q  >  5*10  poise)  A  =  0.23  '  l!.  Y 

for  all  six  fractions  studied,  whereas  for  solutions  of  fraction  V  in  low-vincon i ' ,y 
solvents  ( <  2*10  "  poise)  A  >  0.9.  For  solutions  of  fraction  V  in  solvents 
with  an  intermediate  viscosity  (2*10-2  <  <  3-10”2  poise)  A  =  0.5.  Thus,  with 

a  change  in  the  viscosity  of  the  solvent  (change  of  the  kinetic  rigidity  of  th< 


lKtr tier  (15]  angles  of  orientation  were  studied  for  solutions  of  on  of  the 
PI1KA  fractions  in  9  solvents,  the  viscosity  of  which  varied  by  more  than  fu  tim<  u . 

_2 

Experimental  data  Indicate  that  when  q0  <  2'iO  poise  the  dynamo-optimetric  off  < 

_? 

nos  an  orientational  nature,  and  when  Hq  >  >*10  poise,  it  has  a  deformation 
ii"  lure. 
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macromolecule),  the  gradient  dependence  of  the 
angle  of  orientation  changes  vfhen  gT  <  1.  For 
solutions  of  unfractionated  polymethyl 
methacrylate  A  =  0.05. 

As  a  characteristic  of  kinetic  rigidity 
let  us  Introduce  the  parameter  p  —  where 

B  and  A  are  friction  coefficients  of  the 
macromolecule,  depending  on  the  internal  viscosity 
and  viscosity  of  the  solvent,  and  k  is  a 
numerical  coefficient.  Using  data  of  the 
works,1  we  can  obtain  for  B/A  the  following 
ratio 

4-&r  <6> 

Since  for  fraction  V  in  solvents  with  a 


Fig.  5.  Dependence  of  viscosity  from  2  to  5  cp  the  influence  of 

solutionStof^fractions°of  PMMA  orientation  and  deformation  are  comparable  [13], 

in  tetrabromoe thane  (t  *  15°C).  it  is  possible  to  consider  for  them  p  -  1,  which 
1  --  fraction  III,  2  -  fraction 

II,  3  -  unfractionated  sample,  gives  the  value  k  *  3.  Given  in  Fig.  6  is  the 
4  -  fraction  A.  . 

dependence  A  or.  p“  .  From  the  figure  it  is  cle  ar 

that  during  a  change  of  kinetic  rigidity  A 

changes  from  1.2  for  a  kinetically  rigid  coil 

to  0.2  for  an  easily  deformed  coil.  When 

p  <  0.1,  (t)q  *  15.6’10  poise)  no  longer 

depends  on  the  viscusity  of  the  solvent  within 

Fig.  6.  Dependence  of 

_1  „  error  of  the  measurements.  Thus,  the  magnitude 

quantity  A  on  p  for 

solutions  of  six  fractions  0f  ch^gg  0f  a  from  1.2  to  0.2  qualitatively, 

in  various  solvents. 

agrees  with  conclusions  of  the  theory  of  the 
deformed  dumbbell  [9,  10] .  The  distinction  consists  in  the  fact  that  the 


experimental  quantity  A  i  0  for  the  easily  deformed  macromolecule,  while  the 


1The  article  Yu.  A.  Gotlib  and  V.  P.  Budtov,  "On  the  theory  of  double  refract: c: 
in  solutions  of  polymeric  chains  possessing  kinetic  rigidity,"  will  be  published 
in  196*4  in  the  journal  Herald  of  Leningrad  State  University,  and  the  article  of 
V.  N.  Tsvetkov  and  V.  P.  Budtov;  "Characteristic  angles  of  orientation  of  double 
refraction  of  PMMA  solutions,"  in  the  Journal  Hi gh-Molecular  Compounds. 
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f 


theory  [9]  gives  A  =  0. 


J— t'  I  1  )-t  t  A-  A  *  4"  Jr-A  fr 


Pig.  7.  Dependence  of  quantity  on  gi. 

For  an  ideally  flexible  coll  (1),  for  a 
kinetically  rigid  coil  (5),  for  rigid 
ellipsoids  with  p  =  i  (1) ,  p  =  2  (2) , 
p  »  b  (3) ,  p  >  10  (-'0  •  For  solutions 
of  PMMA  fractions  in  cetrabromoethane : 
unfractionated  sample;  -•»  fraction  A;  -C>- 
fraction  II;  ~0~  fraction  III,  fraction  I  — 
fraction  IV;  -A-  fraction  V;  in  low-viscosity 
solvents:  43-  fraction  V. 


In  Fig.  7  the  dependence 

tgfr 

^r~  is  represented  as  a  I'unction 
of  gt.  From  the  figure  it  is 
clear  that  tg  2<p  is  proportional 
to  gt  when  gx  «  1  and  when 
g-r  >  15,  and  the  proportions  I  i  ty 
factor  changes  from  l(gr  <<.  I  t 
to  0.2(gT  >15).  The  divergen 
of  the  curves  for  various 
fractions  in  the  region  of 
large  gt  is  probably  the  result 
of  residual  polydloperslty  ■  f 


the  fractions,  which  the  dependence  given  in  the  same  place  for  the  unrefruetioi  it.<  1 


sample  indicates.  The  dotted  lines  correspond  to  the  theoretical  dependerw  e  for 
rigid  ellipsoids  [5,  6],  ideally  flexible  dumbbells  [9]  and  kinetically  rigid 
dumbbells  [10]. 


? .  Consideration  of  Anisotropy  of  Hydrodynamic 
Inters o  ‘.ion 

The  value  A  =  0.2  /■  0  for  an  easily  deformed  coll  can  be  obtain*  i  if  w-  ’  • 
i ; 1 1 1 ■  consideration  tae  anisotropy  of  the  hydrodynamic  interaction  of  the  s*  gm<  n' 

As  is  known  [17,  If]  a  consideration  of  the  anisotropy  of  hydrodynamic 
int*  faction  allows  obtaining  the  dependence  of  the  characteristic  viscosity  <  ■  >  •<, 
velocity  gradient,  of  the  f ,ow  without  an  Introduction  of  the  Internal  viscosity 
of  the  c  :  1 L . 

Jn  the  e  sc  of  the  isotropic  hydrodynamic  interaction  tht  deft  erring  ai.-t 
orient  ing  influence  of  the  flow  are  Identical  [9],  and  consequ*  nt  ly  thi  magnitui 


C't  viRCOP 

ity  o 

:  tht 

•-  solution  f ( 

a,  20] 

and 

the 

quantity 

tf 

do  not  depen. i 

t * 

vt  I o city 

t  r-iSlunt  ( 

mod  of  an 

ideal 

Ij  f 

•xib le  coi  l ) , 

However,  wh-  n 

t -tkt  n  of 

th»  a 

iiSOt 

:  i'opy  el  tht 

hydrodynamic 

interact,!* 

[17,  U-J,  -lie, 

interna  I 

Vi :V  ji 

.ity 

[kinetic  ri. 

i  Jity 

[21. 

25],  a  d< 

:idt  no.  ef  ;  |J  1 

on  tht  vt  Lo'-’ity  gradient  appeal's.  The  consideration  of  anisotropy  of  tn* 
ny .. rouynai: i-  Interaction  and  consideration  cf  the  internal  viscosity  glv- 
co-  ''flc  Lent  A  of  one  sign  ,5',  although  in  the  first  cast  tht  frl-t  h-e  f 


along  the  axis  of  macromolecule  is  less  than  the  friction  coefficient  perpendicular 
to  the  axis,  and  in  the  second  case  the  reverse  is  true. 

For  clarification  of  this  contradiction  we  consider  velocity  uy  of  the  end  of 
the  macromolecule  in  the  direction  1  (see,  for  instance,  [10]): 

(7) 

where  An  and  B  are  the  friction  coefficient  along  the  chain  and  coefficient  of 
internal  viscosity,  Vj|  is  the  speed  of  the  liquid  in  the  direction  l,  a||  is  a 
quantity  characterizing  the  force  of  the  entropy  and  diffusion  character  (ay  is 
always  of  the  same  sign  vy  [9,  10]).  In  the  case  of  deformation  of  the  chain 

«,>0.  «,><>.  ^>0 

For  isotropic  hydrodynamic  interaction  [18]  AjaA,.  For  anisotropic 
hydrodynamic  interaction 

Sr— 1  181 

where  N  is  the  number  of  subchains  and  XQ  is  a  parameter  depending  on  the  friction 
coefficient  and  length  of  the  segment  (0<C<0.I4)  [17,  18]: 

Let  us  formulate  the  difference  of  velocities  of  the  end  of  an  Ideally 
flexible  macromolecule  with  the  isotropic  hydrodynamic  Interaction  «.IDand  of  a 
imicromolecule  with  im-ernal  viscosity  and  anisotropic  hydrodynamic  Interaction: 

H  -  V“  rb^  ~ 

In  case  g— 0  i^>0,  and  in  the  case  C-0A^>0.  Thus,  the  speed  of  deformation 
with  account  taken  of  internal  viscosity  ana  anisotropic  hydrodynamic  interaction 
is  less  than  the  speed  of  deformation  for  an  Ideally  flexible  coll  with  the  same 
orienting  action  of  the  flow. 

Let  us  examine  the  influence  of  anisotropy  of  hydrodynamic  interaction  of  t.h< 
dependence  of  the  angle  of  orientation  on  g  during  small  nydrodynamlc  stresses. 

In  formulating  equations  for  the  distribution  function  of  particles  In  the  flow 
wt  will  proceed  from  the  dumbbell  model  of  the  macromolecule  [17].  Substituting 
the  velocity  of  macromolecules  into  the  equation  of  continuity  of  flow,  we  can 
obtain  for  the  distribution  function  4>  equations  taking  into  account  anisotropy 
of  the  hydrodynamic  friction  (plane  case) 
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+<^•(1 -«•*>£ -0.  Slu’ 

where  4^  it  the  undisturbed  mean  square  of  the  distance  between  th>  ends 

of  the  macromolecule,  and  4  is  the  angle  between  directions  of  the  flow  and  1. 

Since  where  £  is  snail  quantity,  a  solution  will  be  sought  in  the 

for*  fw»fc+C*i+  .  We  can  obtain  relationship  for  moments: 


p<*«e» >  -  < *>  + 1 -0, 

<4MeS*>+P<*,ees*>  —  P  <!•>■»:<' ct»2*>.  (H) 


If  the  right  sides  of  the  equations  are  averaged  with  the  distribution  function  *0 
then  we  will  obtain  linear  menbers  in  expansion  with  respect  to  C.  For  the  angle  o 
orientation 


**-- SS3»f-»('+4-)['-r'r+  ]- 

-r(i-|«*+  )■ 


(  1‘-  ’ 


The  corresponding  calculations  for  the  characteristic  viscosity  give 

W,-hU('-f«r+  )•  lv 

which  with  an  accuracy  of  numerical  coefficients  coincides  with  results  of  work.- 

(17,  18]. 

For  the  quantity  of  double  refraction  (effect  of  ontrlmslc  anisotropy)  w<. 
can  obtain 

where  pfaep|t+"^-J  ,  and  k  is  a  constant. 

Thus,  in  the  case  of  an  Ideally  flexible  coll,  but  taxing  Into  account  t: 
anisotropy  of  the  hydrodynamic  interaction,  we  obtained  In  view 

roughn<  ss  of  the  model  these  calculations  pretenJ  only  to  '■  qualitative  'coir,  io<: 
.ith  the  experiment.  It  is  possible  to  give  a  maximum  appraisal  “j^^TT  • 
considering  that  calculations  are  made  for  the  effect  of  intrims ic  anisotropy 

,  •  f  {2>.  (Mi¬ 
lt  is  interesting  to  compare  the  theoretical  curves  of  the  dependence  of  tri¬ 
angle  of  orientation  on  the  velocity  gradient  for  coils  [6,  9}  and  rigid 
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ellipsoids  [5#  6],  It  Is  evident  (see  Fig.  7)  that  the  curve  for  the  rigid  ellipsoid* 
lies  between  the  curves  for  the  ideally  flexible  coil  (isotropic  hydrodynamic 
interaction),  and  for  the  klnetically  rigid  coil,  where  the  dependence  for  the 
rigid  ellipsoids  with  p  -  1  coincides  with  the  dependence  for  an  ideally  flexible 
coll. 


Using  the  equations  for  coefficients  of  forward  friction  (19}  we  can  obtain 
the  magnitude  of  the  anisotropy  of  coefficient  of  hydrodynamic  friction  of  rigid 
ellipsoids : 


•,1  *•»#■!. 

"I"  wh*m  10. 


(155 


Consequently,  the  difference  of  the  gradient  dependence  of  the  angle  of 
orientation  for  rigid  ellipsoids  with  different  p's  is  connected  with  the 
anisotropy  of  the  coefficient  of  hydrodynamic  friction.  An  analogous  result  is 
obtained  for  Ideally  flexible  coils  with  anisotropy  of  hydrodynamic  Interaction. 

In  conclusion  the  author  expresses  gratitude  to  Prof.  V.  N.  Tsvetkov  for  his 
valuable  advice  and  help  in  the  work. 


Cone luslons 

1.  The  dependence  is  studied  of  the  angle  of  orientation  of  double  refraction 
(effect  of  form)  on  the  velocity  gradient  in  a  wide  region  of  hydrodynamic 
stresses  for  solutions  of  6  fractions  of  polymethyl  methacrylate  during  a  change 

of  viscosity  of  the  solvent  for  fraction  V  from  0.3  to  15.6  cp,  and  for  the 
remaining  fractions  from  5  to  15-6  cp. 

2.  A  method  is  proposed  for  finding  the  Initial  slope  of  the  dependence  of 
the  angle  of  orientation  on  the  velocity  gradient,  taking  into  account  the 
measurements  taken  during  large  velocity  gradients  and  for  solutions  of  high 
concentrations  of  polymer. 

3.  The  influence  of  the  anisotropy  of  hydrodynamic  interaction  on  the  gradler t 
dependence  of  the  angle  of  orientation  is  considered. 

a.  A  comparison  is  made  of  experimental  data  with  the  theory  for  ideally 
flexible  and  klnetically  rigid  macroaoiecules  and  also  with  the  theory  for  rigid 
ellipsoids.  Taking  into  account  the  aniaotropy  of  hydrodynamic  interaction,  it  is 
possible  to  coordinate  well  experimental  data  with  conclusions  of  the  theories. 
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DETERMINATION  OF  HYDROGEN  IN  ALUMINUM  ALLOYS  BY  THE 
METHOD  OF  ISOTOPIC  BALANCING 

N.  M.  Orlova  and  A.  A.  Petrov 

The  difficulty  in  the  determination  of  hydrogen  in  aluminum  and  Its  alloys 
lies  in  the  relatively  small  content  of  hydrogen  in  them  (of  thi  order  of 
and  the  formation  of  a  surface  hygroscopic  film  of  aluminum  oxide,  actively 
absorbing  water  vapor  from  the  atmosphere.1  The  quantity  of  hydrogen  in  this  film 
comprises  a  magnitude  of  the  sane  order  as  the  quantity  of  hydrogen  dissolvd  in 
the  metal  itself.  Moreover,  the  ratio  between  the  quantity  of  "surface*  and 
"volumetric"  hydrogen  depends  both  on  the  form  of  the  sample  and  the  nature  of 
treatment  of  its  surface. 

The  method  used  at  present  for  the  determination  of  hydrogen  In  aluminum,  the 
method  of  hot  extraction  proposed  as  early  as  1-957  by  Yu.  A.  Kly&ehko  [3]  and 
developed  then  In  a  number  cf  works  [4,  5,  6],  appears  to  us  to  be  inadequate 
for  two  reasons.  First,  a  sharp  decrease  of  gas  generation  at  a  given  temperatur' 
cannot  serve  as  the  criterion  of  complete  degasing  of  the  sample  (7),  owing  to 
which  th"  results  of  determining  the  content  of  hydrogen  in  a  metal  can  ippesr 
understated.  Secondly,  In  conditions  of  this  method  the  full  desorption  of 
"surface"  liyiroger.  cannot  occur  also  because  of  the  interaction  of  the  surface 
fils  A  1,0,  and  water  adsorbed  on  It,  resulting  in  the  formation  of  stable 
aluminum  hydroxide.  According  tc  data  of  work  (8}  hydroxyl  groups  are  partially 


‘it  is  possible  that  during  the  adsorption  of  large  quantities  cf  wittr  vapor 
•  .usir.us  hydroxide  is  formed  (lj.  The  adsorption  of  hydrogen  in  the  oxidised  film 
5r.sigr.ifi  xr *  ,  and  it,  apparently,  can  be  disregarded  [2]. 


W*w^w r«oW*r  -.«tw  %*V-,  j+ilrr*  a»«*  , ,  . 


retained  in  films  of  aluminum  oxide  even  at  800-900°C.  Therefore,  we  are  Inclined 
to  consider  that,  although  the  scheme  of  the  separate  determination  of  "surface" 
and  "vol-metric"  nydrogen,  presented,  for  instance,  in  work.  [4]  is  theoretically 
true,  the  quantitative  deta  obtained  in  this  work  are  somewhat  understated. 

For  proof  of  this  we  conducted  the  demising  of  aluminum  at  600°C  and  found  by 
applying  the  method  given  below,  that  after  two  hoars  of  pumping  there  remains  in 
the  metal  up  to  50# »  after  six  hours,  about  30$,  and  even  after  15-20  hours,  about 
10) i  of  the  initial  total  content  of  hydrogen,  which  comprises  in  different  samples 
1. 0-2.0  em^/100  g.  Proceeding  frou.  the  above,  we  should  make  a  conclusion  concerning 
the  possibility  of  systematic  e.rore  leading  to  understated  appraisals  of  the 
quantity  of  both  "volumetric,"  and  "surface"  hydrogen  produced  in  the  method  of 
vacuum  extraction. 

Truer  appraisals.  In  our  opinion,  can  be  given  by  the  method  of  isotopic 
balancing,  inasmuch  as  it  does  not  require  the  full  liberation  of  gas  from  the 
metal  and,  furthermore,  it  is  known  [8]  that  equilibrium  Is  established  sufficiently 
fast  in  the  deuteroexchange  of  films  of  aluminum  hydroxide  at  500°C, 

The  installations  on  which  we  developed  the  spectral-isotopic  method  of  the 
determination  of  hydrogen  in  aluminum  and  its  alloys  are  analogous  to  those  used 
earlier  [9].  The  investigation  is  carried  out  on  samples  of  aluminum  and  its 
alloys  of  various  compositions,  both  cast  and  pressure-worked. 

Isotopic  balancing  was  carried  out  on  cylindrical  samples  with  a  diameter  of 
9-6  mm  and  a  weight  of  10-20  g  at  a  temperature  of  5O0°C,  i.e.,  comparatively  far 
from  the  melting  point  of  a.1  inum,  inasmuch  as  the  vapor  pressure  of  certain 
components  of  alloys,  for  instance  Mg,  is  sufficiently  high,  and  on  the  walls  of 
the  exchanger  a  metallic  sublimate  can  be  .  srmed  which  i«  able  of  actively 
absorbing  water  vapor  and  hydrogen  from  the  atmosphere .  Moreover,  the  correction 
of  the  reference  [?]  experiment  Increases  from  experiment  to  experiment.  (se  = 
figure),  attaining  a  considerable  magnitude  (0.2  ±  0.02)  cm^.  Such  a  magnitude  of 
correction  and  its  scattering  essentially  lower  the  sensitivity  and  reproducibility 
of  the  method,  which  is  Impermissible  during  the  analysis  of  those  small 
concentrations  of  hydrogen  which  occur  in  aluminum  and  its  alloys. 

Therefore,  we  used  the  removal  of  the  sublimate  by  calcination  of  the  exchanger 

under  pumping  for  15-20  minutes  at  a  temperature  of  1000-1100°C  after  each  analysis. 

3 

Here  the  correction  of  the  reference  experiment  decreased  to  '0.025  -  0.005)  cm 
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and  remained  constant  in  time  (see  figure).  In  those 
cases  when  alloys  were  analyzed  which  practically 
did  not  give  sublimates  at  500°C,  and  the  correction 
was  (0.05  ±  0.01)  cm3,  the  exchanger  was  not  calcined 
after  every  experiment,  but  control  experiments  were 
periodically  produced. 

As  was  noted  above,  results  of  experiments  (in 
particular,  the  magnitude  of  the  "surface  correction") 
depend  on  the  specific  surface  of  the  samples. 
Therefore,  we  strove  in  all  experiments  to  conduct 
the  machining  of  samples  as  identically  as  possible.  However,  undoubtedly,  complete 
uniformity  of  machining  in  all  cases  is  impossible  to  attain,  and  apparently  the 
scattering  of  the  "surface  correction"  (Table  1)  to  a  considerable  degree  is 
determined  by  this  circumstance.  In  all  experiments  the  samples  were  washed  in 
ether  directly  before  packing  in  the  exchanger. 


Table  1 


Characteristics  of  the  sample 

"Surface  correction,"  ml/cm2  1 

Cost . 

(5.0  ±  0.8)*10"3 

Cost  . . . 

(5.0  ±  0.8) •  10*3 

Cost . 

(5.5  ±  0.4).i0'3 

Cost  ............ 

(4.0  ±  1.0) *10"5 

Treated  by  pressure  . 

(3.5  ±  0.5)‘10"3 

Treated  by  pressure  . 

(3.3  ±  0.4).10"3 

Treated  by  pressure  ..... 

(3.2  ±  0.2) *10“3 

1The  correction  variance  is  represented  by  the  mean 
arithmetic  deviation  of»  the  unit  measurement. 


The  first  stage  of  the  development  of  the  method  was  the  determination  of  the 
time  of  isotopic  balancing  under  the  conditions  indicated  above.  It  consists  of 
25-30  minutes  outside  the  dependence  on  the  presence  in  samples  of  Mg,  Mn,  Cu, 
and  certain  other  impurities  in  a  quantity  of  several  per  cent. 

We  noted  no  influence  of  the  treatment  of  the  sample  ^"cost"  or  "treated  by 
pressure")  on  the  speed  of  the  isotope  exchange. 


Dependence  of  correction 
of  reference  experiment 
on  the  number  of  analyses. 

1  -  without  calcination, 

2  -  with  calcination  of 
the  exchanger. 
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For  the  separation  of  the  "volume"  and  "surface"  content  of  hydrogen  we  used 
the  process  proposed  in  work  [4],  introducing  certain  changes  into  it.  The  samples 
were  degased  in  a  vacuum  (p  -  10  ^  mm  Kg)  at  a  temperature  of  50C  C  for  15-20  hours. 
The  method  of  isotopic  balancing  was  used  to  determine  the  residual  content  of 
hydrogen  in  them;  it  proved  to  be  equal,  for  different  samples,  to  0.1-0. 2  cm3/100  g. 
From  thus  degased  samples  the  surface  developed  during  prolonged  heating  was 
removed  by  machining,  after  which  they  were  held  in  air  a  different  time,  upon  the 
expiration  of  which  the  quantity  of  adsorbed  hydrogen  was  determined  by  the  spectral 
Isotope  method.  Magnitudes  of  "surface"correction"  for  certain  alloys  are  given  in 
Table  i,  and  its  dependence  on  the  hold  time  of  the  sr.mple  in  air  is  shown  in 
Table  2. 

Table  2. _ _ _ _ 


Characteristics  of  the  sample 

"Surface 

2 

correction"  (ml/cn  )  during  holding 

Cost . 

- 

4.5 ’10'7 

5.5-10  y 

5.0.10-3 

5.0-10"3 

Cost . 

- 

6.o.io“3 

5.5-10'5 

5.5-10"3 

5.0.10'3 

Treated  by  pressure  . 

3.5-10"5 

2.3‘iO"5 

3.1-10'5 

3.2-10*’3 

- 

Treated  by  pressure  . 

: 

3.4‘lCf3 

3.2-10‘? 

2.9-10'5 

3.3-10-3 

i 

From  Table  1  it  follows  that  the  magnitude  of  the  "surface  correction"  is 
somewhat  higher  for  the  cast  samples  as  compared  to  those  treated  by  pressure. 
Apparently,  the  specific  surface  during  the  machining  of  the  samples  turns  out  to 
be  somewhat  larger  in  the  first  case  than  in  the  second. 

From  an  examination  of  Table  2  it  follows  that  the  formation  of  a 
hygroscopic  film  on  aluminum  and  the  adsorption  on  it  of  water  vapor  occur 
immediately  after  grinding  of  the  sample,  which  is  in  accordance  with  the  data  of 
other  authors  [10,  11].  It  is  possible  to  confirm  that,  at  least,  during  the  l/eek 
after  grinding  the  magnitude  of  the  "surface  correction"  remains  constant.  This 
undoubtedly  facilitates  the  procedure  of  carrying  out  the  analyses.  Apparently 
the  "surface  correction"  for  alloys  treated  by  pressure  remains  constant  during  a 
signiflcanlty  long  time,  which,  as  it  seems  to  us,  is  impossible  to  say  about 
certain  cast  alloys.  Probably,  in  cast  alloys  there  is  a  slow  penetration  of  water 
vapor  into  the  thickness  of  the  metal  through  the  microc&pillary  defects  existing 
in  it.  th'cc-ading  from  this  assumption,  we  should  conclude  that  the  determination 
of  truly  dissolved  hydrogen  in  cast  samples  after  their  prolonged  holding  in  air 
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is  possible  only  with  a  considerable  systematic  error,  caused  by  the  presence  of 
microcapillaries.  The  magnitude  of  this  error  will  depend,  apparently,  both  on 
the  quality  of  tne  casting  and  on  the  hold  time  of  the  samples  and  the  moisture  of 
the  medium.  For  this  reason  we  must  especially  investigate  the  possibility  of 
using  cast  samples  as  hydrogen  standards  for  the  spectral  method  of  the  determination 
of  hydrogen  in  aluminum  alloys;  tnis  will  possibly  be  created  in  the  future. 

Regarding  the  "surface  correction,"  we  attempted  to  reduce  it  to  a  negligible 
quantity  by  means  of  preliminary  treatment  of  the  sample  in  the  process  of  the 
analysis  itself,  since  it  is  obvious  that  the  elimination  of  a  source  of  systematic 
error  leads  to  more  reliable  determinations.  With  this  goal  we  tried  to  carry  out 
desorption  of  surface  hydrogen  by  evacuation  for  10-40  minutes  at  a  temperature  of 
300-400°C,  i.e.,  under  conditions  during  which  the  extraction  of  gas  from  the 
metal  itself  can  still  be  disregarded  [12,  15].  However,  as  one  can  see  from 
Table  3,  with  such  treatment  o^  the  sample  less  than  50#  of  the  surface  hydrogen 
can  be  liberated.  Apparently,  in  these  conditions  there  occurs  intense  formation 
of  aluminum  hydroxide,  accompanied  by  only  partial  extraction  of  hydrogen. 

Processes  of  desorption  of  hydrogen  have  been  studied  in  great  detail  by  a 
number  of  authors  [14-17],  and  the  result  obtained  by  us  fully  agrees  with  their 
data. 


Table  3 


Temperature  of  desorption,  °C 

300 

400 

Time  of  desorption,  minutes 

10 

20 

30 

40 

10 

7  O 

Surface  correction1 *10  ,  ml/cm 

,2.0 

2.5 

1.9 

2.1 

2.4 

1 Prior  to  desorption  the  "surface  correction"  was 

—  Tt  p 

equal  to  3.5*10"^  ml/cm  . 


Inasmuch  as  we  did  not  manage  essentially  to  decrease  the  quantity  of  "surface" 
hydrogen  during  desorption,  we  gave  up  this  method,  and  we  determined  the  content 
of  hydrogen  in  metal  {V ,  ) talcing  into  account  the  "surface  correction"  by  the 

Vc  i 

formula 

l '•'-Kta-K-r* 

where  S  is  the  surface  area  of  the  sample. 
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The  total  amount  of  hydrogen  (Vo6nj)  was  determined  for  each  sample  under  the 
above-indicated  conditions  of  Isotopic  balancing;  the  magnitude  of  the  "surface 
correction"  (Vn0B)  was  found  in  Lhose  same  conditions  beforehand  from  a  series  of 
parallel  experiments  with  preliminarily  degased  samples  of  the  given  alloy. 

Prom  Table  4,  in  which  results  of  such  determinations  are  given  it  is  clear 
that  the  hydrogen  content  in  the  metal  itself  is  comparable  to,  and  for  certain 
samples  even  less  than,  the  quantity  of  surface  gas. 


AMean  arithmetic  scattering  of  unit  measurement. 

The  essential  difference  in  the  quantity  "volumetric"  hydrogen  in  the 
investigated  alloys  can  be  a  random  effect  of  the  prehistory  of  the  samples; 
however,  as  it  seems  to  us,  we  should  pay  attention  to  a  number  of  circumstances. 
Samples  which  went  through  treatment  by  pressure  contain,  as  a  rule,  a  smaller 
quantity  of  gas  as  compared  to  cast  samples.  Possibly  this  is  connected  with  the 
decrease  of  microcapillary  defects  during  treatment  of  the  metal  under  pressure. 

It  is  also  possible  that  the  comparatively  high  content  of  hydrogen  in  a  number  of 
alloys  is  connected  with  the  great  concentration  of  magnesium  in  them,  since  it  is 
Known  [10]  that  the  addition  to  aluminum  of  magnesium  in  quantities  of  more  than 
5 -6#  considerably  Increases  the  capability  of  such  an  alloy  to  dissolve  hydrogen 
in  the  solid  state. 

From  Table  4  it  follows  further  that  the  random  error  of  the  analysis  is  a 
n.agnitude  of  the  order  of  10-20#;  which  in  such  a  complicated  case  as  the  analysis 
of  aluminum  alloys  we  can  consider  to  be  a  completely  satisfactory  result.1 

AThe  reproducibility  of  results  is  determined  mainly  by  scattering  of  the 
surface  correction.  However,  during  an  appraisal  of  the  reproducibility  of  the 
method  only  ,  is  considered  since  the  magnitude  of  the  surface  correction  was 

determined  beforehand  from  a  sufficiently  great  series  of  parallel  measurements. 


Regarding  the  accuracy  of  the  detemlnations,  as  was  noted  above,  it  is  necessary 
to  give  preference  to  the  spectral-isotope  method  over  the  method  of  vacuum 
extraction. 

We  especially  did  not  clarify  the  magnitude  of  the  systematic  effor  connected 
with  the  difference  of  solubility  of  hydrogen  isotopes  in  aluminum  in  conditions 
of  our  experiments.  However,  the  fact  that  results  of  determinations  at  the 
temperatures  500°C  and  800°C  are  identical  indicates  the  proximity  of  the  solubility 
of  hydrogen  and  deuterium.  In  any  case,  this  difference  does  not  exceed  the  random 
error  of  the  method. 

The  authors  thank  Prof.  A.  N.  Zaydel'  for  his  valuable  advice. 


A  ppsclwl-teatoptc  method  of  the  defers bMtkwi  of  hydrogen  m  *lu- 
sMw  sad  M  some  of  Ms  alloys  was  developed.  The  method  enables 
tor  a  separate  determination  of  pas  content  far  the  surface  layer  as  well 

as  to  the  haft. 

Sms  aspects  of  the  sorption  and  desorption  of  hydrogen  in  the  sur¬ 
face  niMe  layer  have  been  stndled. 
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ON  THE  "MEAN  TIME  OP  THE  FREE  PATH"  OP  Og  MOLECULES 
A.  K.  Suslov 

If  we  assume  that  the  expansion  of  telluric  lines  of  Og  is  connected  with 
damping  due  to  collisions  [1],  then  it  is  possible  to  construct  a  theoretical  path 
of  the  line.  However,  with  such  assumption  is  there  a  noticeable  divergence  between 
the  theoretical  and  observed  paths  of  the  first  line  of  the  ?-branch,  which  is 
difficult  to  explain  by  random  errors  [2],  For  the  determination  of  time  of  the 
free  path  f0  this  formula  was  used: 


it  was  derived  under  the  condition  that  the  intensity  in  the  center  of  the  line 
iQ  »  0  [3];  for  the  line  used  in  the  preceding  work  [2]  i  ■  0  not  only  in  the  center, 
but  on  a  certain  section  with  an  extension  of  0.3  A.  During  the  investigation 
of  the  path  the  intensity  at  each  point  is  usually  divided  by  the  value  of  the 
Intensity  of  the  continuous  spectrum.  With  a  line  width  of  several  angstroms  it 
is  possible  to  consider  that  the  many  errors  connected  with  atmospheric  extinction 
are  reduced,  if  they  are  proportional  to  the  initial  flux.  In  the  interval  of  the 
wavelength  where  i  ■  0  the  solar  energy  does  not  reach  the  lower  layers  cf  the 
atmosphere  and,  consequently,  some  of  the  Og  molecules  are  not  involved  in 
absorption.  Therefore,  it  is  difficult  to  separate  the  change  in  transparency 
from  the  change  in  the  number  of  molecules,  and  the  lines  obtained  at  a  different 
times  will  correspond  to  different  growth  curves.  In  order  to  avoid  this,  it  is 
necessary  among  lines  of  band  A  to  select  a  line  for  which  in  the  center  the 


blackening  is  so  close  to  zero  that  the  ratio  (1)  is  fulfilled.  This  condition  is 
satisfied  most  frequently  by  the  18th  line  of  branch  P^.  With  a  further  growth 
in  the  reference  number  t.he  blackening  in  the  center  starts  to  differ  noticeably 

fro*  aero. 

For  an  appraisal  ef  the  time  of  the  free  path  line  P^g  was  selected  in  band  A 
Kith  a  wavelength  of  7659.37  X  in  the  spectrum  of  the  center  of  the  solar  disk., 
obtained  at  AOKGU1,  5  March  1959«  at  11^11®  Moscow  time.  The  spectrum  measured 
photometrically  on  an  MF-2  every  0.01  mm,  which  allows  constructing  the 
dependence  between  eawtfcil  and  ymlgfi  —  i)  (Pig.  l).  with  this  g/awf—V*  and  4  la 
the  scale  reading  of  the  [MF-2]  (Mft-2)  corresponding  to  the  center  of  the  line.  This 
dependence  turns  out  to  be  linear,  with  sufficient  accuracy,  for  the  greater  part 
of  the  path  with  the  angle  of  dip  of  the  straight  line  at  45°: 

e+J-0.  (2) 

Since 

0— (3) 

then  wit!  the  obtained  mean  value  P  »  8.9755  will  be  -  lg  (2*T)  »  9.4878  or 
i/2*T0  -  0.307.  On  the  other  hand 

(4) 


Ve  finally  obtain  TQ  -  76592/0.307*2.998<108*1.225*1010*2ir  .  8.4-iO'12  sec. 

This  confine  the  value  of  calculated  earlier  [2],  For  checking  we  substitute  the 
calculated  value  TQ  into  formula  (2),  construct  the  theoretical  line  (dotted  line), 
and  compare  it  with  the  observed  line  (solid  line  -  Fig.  2). 


Fig.  1. 


For  an  approximate  determination  of  the  parameter  TQ 
we  can  use  a  simple  method.  Let  us  transform  (1)  and 
integrate  over  the  whole  path: 

(5) 

Consequently, 

<6> 

In  our  case  W^  •  O.9I5  X.  Expressing  equivalent  width  W 

-12 

in  units  of  frequency,  we  obtain  •  11*10  sec.  TTiis 


1The  Aatronoical  Observatory  of  the  Kazan,  Kiev,  or  Kirgiz  State  Unlverstiy 
(Tr.  Ed.  note). 


makes  it  possible  to  determine  Tq  from  the  intensity  of  lines 
for  all  spectra,  where  there  are  lines,  with  zero  intensity 
i:i  the  center,  if  it  is  known  that  damping  is  caused  by 
collisions.  Here  tne  lifetime  of  the  upper  level  for 
absorption  lines  should  considerably  exceed  the  mean  time 
of  the  free  path.  For  C.^  molecules  this  condition  is 


Fig.  2. 


observed,  since  the  upper  level  is  metastable  and  has  a 
mean  lifetime  of  the  order  of  10  sec  [5]. 

According  to  the  kinetic  theory  of  gases  the  number  of  collisions  between 
molecules  per  unl  +  tire  is  expressed  by  the  following  formula  [4]: 


(7) 


where  n^„  n^  are  the  number  of  molecules  Og  and  per  unit  volume;  are 

the  effective  cross  sections  during  collision;  m^,  nu  are  the  corresponding  values 
of  molecular  weight,  where  mQ  «  T  is  the  absolute  temperature;  and  k  is 

the  Boltzmann  constant.  We  produce  calculations  with  the  following  assumptions. 

Air  consists  of  a  mixture  of  2  gases.  The  total  number  of  particles  per  unit 
volume  is  N  *  2,688-10^^;  -  3.2  A,  »  3>5  A;  m^  *  32.00;  m^  ■  28.02.  Having 

substituted  the  indicated  values  into  formula  (7),  we  obtain  for  T  *  273°K 

q  -1 
v  =  2*105  sec 

Thus,  there  is  a  considerable  disagreement  between  the  result  of  the  theoretic 
calculation  and  data  of  spectrophotometric  investigations.  First,  the  expansion 
of  the  path  is  connected  not  only  with  collisions  but  also  with  the  Doppler  effect. 


In  this  case  the  path  can  be  represented  by  equation 


I  TT&sr 


(6) 


whe  re 


[4] 


One  of  the  subsequent  problems  is  investigating  the  influence  of  Doppler  expansion 
on  the  line  contour.  Secondly,  oxygen  is  distributed  in  the  atmosphere 
nonuniformly ,  and  different  layers  have  different  pressures  and  temperatures . 

The  observed  path  appears  as  a  result  of  certain  averaging  ever  all  layers. 

An  important  practical  problem  is  the  interpretation  of  observed  circuits  on  the 


basis  of  different  models  of  the  standard  atmosphere.  For  checking  the  mentioned 

assumptions  tbs  spectrum  of  the  center  of  the  solar  disk  was  photographed  from  the 

observatory  of  Moscow  State  University  GAISh1  (in  the  mountains  of  Zalliyskly  Ala-tau; 

H  -  3060  m  above  sea  level)  [6]  by  means  of  a  [DFS-3]  (JMC-J)  spectrograph  with  a 

reverse  dispersion  of  3.995  X/mm.  Spectrographing  was  carried  out  at  10^3®  Alma-Ata 

0 

time.  For  determining  parameter  TQ  line  Pg  with  *  »  7632.17  A  is  selected  it 
possesses  maximum  intensity  and  a  central  density  of  blackening  close  to  zero. 
Equivalent  width  turned  out  to  be  K  ■  1.0269  A  -  0.528‘iO11  sec”1.  Hence 
the  approximate  value  T  -  0.9WM0"11  sec  is  obtained.  With  the  help  of  photometry 
of  the  contour  the  above-described  method  gives  an  exact  value  TQ  -  8.21-10-12  3ec. 
Prom  the  conducted  investigations  the  following  conclusions  can  be  made. 

1.  The  path  of  atmospheric  lines  of  C>2  can  be  represented  by  the  formula  of 
Lorentz  expansion  due  to  collisions. 

2.  The  parameter  of  the  Lorentz  path  TQ  does  not  coincide  with  the  value  of 
the  mean  time  of  the  free  path  for  the  lower  layer  of  air. 

3.  For  an  appraisal  of  the  mean  time  of  the  free  path  it  ’s  sometimes  possible 
to  use  the  equivalent  line  width  ~f  absorption. 

Summary 

The  formula  for  the  determination  of  the  time  of  the  free  path  is  derived 
by  means  of  the  photometry  of  the  absorption  line  0o.  Only  such  lines,  which  have 

a. 

intensity  equal  0  only  in  the  very  center,  are  used.  The  difference  between  the 
theoretical  and  observed  value  TA  is  found.  It  is  possible  to  use  this  method  for 

u  _<  9 

making  model  o’  the  standard  atmosphere  more  precisely.  The  value  -  8-10  ~  sec 

is  received. 
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APPROXIMATION  OF  ISOLATED  LINE  DURING  TRANSFER  OF  RADIATIVE 
ENERGY  IN  THE  UPPER  ATMOSPHERE 


G.  M.  Shved 


The  use  of  the  approximation  of  the  isolated  line  during  modeling  of  infrared 
absorption  spectra  in  the  mesosphere  and  upper  stratosphere  proves  to  be  possible 
due  to  the  decrease  in  line  width  with  a  drop  in  of  pressure.  In  this  article 
we  discuss  the  limits  of  validity  of  this  approximation,  for  a  calculation  of 
f lux*  and  of  radiant  energy.  The  former  require  the  assignment  —  jy***  ,  and  the 
latter  ***  ,  where  Ap(z,  z')  is  the  function  of  absorption  for  a  radiant 

i 

flux  between  atmosphere  levels  z  and  z  .  In  the  case  of  a  separate  line  with  the 
Lorentz-Doppler  contour  and  the  intensity  of  the  line  constant  along  optical  path 
and  concentration  of  the  absorbing  substance  [1] 


-C,(s.  •>*«  •>*<«  *  •>. 


(1) 


(2) 


•*"*  f  * 

.-yET-=V 


where  S  is  the  intensity  of  thq  line;  and  are  the  Doppler  and  Lorentz 
halfwidths  of  the  line,  respectively;  c  is  the  volumetric  concentration  of  the 
absorbing  gas;  pQ,  pQ  and  aQL  are  correspondingly  pressure,  density,  and  the  Lorentz 
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halfwidth  under  normal  conditions;  vQ  corresponding  to  the  center  of  the  line; 

0^(2)  and  C2(z,  s')  are  certain  coefficients  [1], 

Curves  of  Fig.  i  give  the  approximate  dependence  on  the  parameter  of  the  line 
7  of  the  lower  boundary  of  layers  of  the  atmosphere  (by  parameter  a),  for  which 

outside  the  intervals  (-12,  12)  and  (-120,  120)  there  is  not  more  than  1  and  10$ 

JM, 

of  the  full  value  of  j^gr.  For  lines  15-micron  band  of  COg,  of  the  considered 

Jl  A  pi 

in  detail,  on  the  assumption  that  cx^  »  5.6*10  cm  ,  aQL  -  7.2*10  cm  and 
-4 

c  *  3*10  ,  heights  of  the  lower  boundary  of  the  indicated  layers  are  converted 

to  km  (model  of  the  atmosphere  AKDC-1959  [2]). 

The  15-micron  band  of  C0g  consists  [1]  of  small 
freqi incy  intervals  with  a  great  concentration  of  lines 
and  more  rarely  occupied  regions  of  overlapping  P  and 
R  branches  of  different  vibration-rotational  bands, 
which  belong  to  the  same  several  most  widespread 
isotopic  varieties  of  C0g. 

«  In  the  P  and  R  branches  the  distance  between 

Fig.  1.  adjacent  lines  which  belong  to  any  vibrational 

transition  is  close  to  1.6  cm  .  Assuming  random  imposition  of  different  P  and  R 

branches,  the  use  of  the  approximation  of  the  isolated  line  will  depend  on  the 

arrival  in  this  interval  of  lines  which  are  essential  in  the  transfer  of  radiation 

-1 

and  on  their  distribution  by  intensities.  In  the  interval  1.6  cm  in  the  region 
of  frequencies  615-700  cm  5-10  lines  are  necessary,  where  including  not  more 
than  two  with  a  value  of  7  >  100.  It  should  also  be  noted  that  the  intervals 
(-12,  12)  and  (-120,  120)  correspond  to  frequency  intervals  1.6*10  and  1.6*10 
cm  .  Then,  according  to  Fig.  1,  it  is  possible  to  assume  that  the  calculation  of 
during  the  transfer  of  radiation  between  levels  lying  higher  than  25  km  in 
the  approximation  of  the  isolated  line  does  not  yield  an  error  of  more  than  several 
percent . 

Q-branchs  of  different  vibrational  transitions  creating  a  15-4  band  occupy 
frequency  Intervals  from  several  tenths  of  a  cm"*  to  several  cm"*.  Distances 
between  adjacent  lines  in  the  majority  of  the  Q-branches  vary  in  a  wide  interval, 
10“^  -  10"*  cm"*,  with  values  of  the  order  of  10’^  cm”*  being  most  characteristic. 
For  overlapping  Q-branches,  lying  in  the  interval  667-672  cm’*  and  belonging  to 
the  most  intense  vibrational  transitions,  the  calculation  of  &  in  the 


Pig.  2. 


approximation  of  the  Isolated  line,  correct  to  several 
per  cent,  can  be  carried  out  above  5 0  to,  and  for  the 
remaining  Q -branches,  above  50-35  to. 

Curves  of  Fig.  2  give  the  approximate  dependence 
on  >  of  fraction  ,  lying  in  a  certain  interval  (-ft,  ft) 
for  two  cases:  1)  during  the  transfer  of  radiation  from 
the  upper  boundary  of  the  mesosphere  to  a  level 


characterized  by  the  value  a  =  i.2 7  (30  to  for  the  15  U  band  of  C-Qg);  2)  during 
the  transfer  of  radiation  from  the  level  a  ■  2,6.10  (60  to)  to  level  a  »  3.6.10” 

(58  to).  In  the  first  case  this  is  the  solid  curve  in  Pig.  2,  and  in  the  second 
case,  dotted  curve.  The  curves  are  given  for  the  transfer  of  radiation  downward; 
however,  they  can  also  be  used  in  the  appraisal  of  the  approximation  of  the  isolated 
line  during  the  transfer  of  radiation  upward. 

From  Figs.  1  and  2  it  follows  that  the  region  of  application  of  the  considered 

Mf 

approximation  starts  from  somewhat  greater  heights  with  a  calculation  of  as 

0Am 

compared  to  jgp  ,  and  the  greater  the  difference  in  heights  the  more  intense  the 
lines  in  the  frequency  interval.,  This  occurs  because  the  "mass"  of  integral  (2) 
is  more  concentrated  near  vQ  as  compared  to  that  of  integral  (1).  The  region  of 
application  of  the  approximation  should  especially  be  reduced  in  the  interval 


667-672  cm 


-1 


The  form  of  the  distant  wings  of  the  line  is  described  by  the  statistical 
theory  of  expansion.  A  theoretical  discussion  of  the  influence  of  wings  of 
statistical  fora  on  the  transfer  of  radiation  in  the  atmosphere  is  carried  out  in 
works  [3,  4],  Experimental  investigations  of  the  form  of  distant  wings  of  infrared 
lines  of  certain  molecules,  namely,  HC1,  CO,  HgO,  and  CQg  (4.3  u  band),  were 
made  by  Benedict  and  his  colleagues  [5,  6,  7].  Fro"'  the  theoretical  appraisals 
and  experimental  data  it  may  be  concluded  that  under  atmospheric  pressures  the 
Lorentz  form  of  lines  in  infrared  spectra  of  molecules  becomes  a  statistical  form 
at  distances  from  the  center  of  the  line  of  the  order  of  1  cm”^  and  more.  But  the 
use  of  the  approximation  of  the  isolated  line  in  the  atmosphere,  for  instance  in 
the  15  u  band  of  COg,  usually  requires  that  the  transfer  of  radiation  be 
concentrated  in  much  narrower  Intervals.  Thus,  in  this  approximation  the  Lorentz- 
Doppler  approximation  of  the  form  of  the  line  is  valid. 
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ON  POLYANIONS  IN  SOLUTIONS1 
L.  G.  Sillen 

Considering  the  ever  increasing  interest  in  multinuclear  complexes  forming 
in  solution  and,  especially,  in  multinuclear  anionic  complexes,  we  consider  it 
useful  to  make  a  short  survey  of  the  results  attained  in  this  region  of 
investigation. 

Polyborates.  Figure  1  shows  a  group  of  curves  [1],  which  are  connected  with 
the  reaction  B(OH)^  +  OK-. 

On  the  axis  of  abscissas  log  h  -  log  [H+],  on  the  axis  of  ordinates,  Z, 

the  average  of  hydroxyl  ions  which  Interacted  with  a  molecule  of  boric  acid.  In 

this  case  Z  is  the  average  charge  at  a  boron  atom. 

In  the  most  acid  solutions  Z  *  0;  boron  wholly  enters  in  competition  of 

boric  acid.  In  strongly  alkaline  solutions  Z  *  -1 ;  boron  comes  forward  in  the  form 
of  an  ion  formed  by  connection  of  one  OH-  group  to  P(0H)^.  Between  them  is  an 
area  where  an  equilibrium  is  obviously  established  between  the  various  forms  of 
boron  compounds.  All  these  data  were  obtainr  ■*  us  '•rveral  years  ago  by 
putentioraetric  titrating.  By  measuring  the  emf  we  established  [H+j  aid  by  anaiysj. 
we  determined  the  quantity  of  reagent  added  to  the  solution.  Consequently,  it  is 
simple  to  calculate  how  much  OK"  is  combined  with  boron,  and  thus  to  obtain  Z. 


‘After  arriving  in  Leningrad  in  1961  the  known  Swedish  researcher  in  tne  reli¬ 
ef  polymerisation  of  ions  in  solutions,  :  G.  Sillen,  read  a  lecture  to  the  chejrlc*. 
department  of  the  Leningrad  f  tate  University  about  the  latest  successes  in  th- 
-hemistry  of  complex  compounds. 

This  article  is  a  short  account  of  this  iecture,  aaiatlj  gi'-n  by  L.  S.  .'liler 
to  the  editor. 


1- 


Fig.  1.  Experimental  data  oi  .v,  log  ^  for 

equilibriums  l  rate. 


The  various  curves  pertain  to  different  con  -ent  »-,t  ions  of  bo  rut  .  At  law 
i  n  at  rations  the  curves  apprc  tch  a  "limiting  curv-  which  has  th<  form 
r.  'tact'  ristic  foi  the  curve  of  simple  dissociation  of  a  acid.  Dub ra"  1 1  n 
'!  logarithm  cf  the  equilibrium  constant ,  *  ,  lr,  hu  -ase  of  th  t  clut  wh>  n 

1  O.S,  we  Obtain  log  K  •  -9. Du'.  What  r«  act  lor.  -lot  a  this  *  q.»i  1  ibrlum  run  a  ant 

•  r  t-.'V  Ordinarily  the  reaction  is  v.  1 1  *  t-  r.  »hur.  iy: 

H*80,  ^  H*  -f  HfBOi'. 

id  ■  vet  ,  this  is  doubtful.  During  all  measurement:;  *■.  activity  id  water  ..as 
-onstant j  therefore,  it  is  impossible  to  answ  1  the  quest  lor  f  :.<>w  m  i., 

it- rules  of  H.,0  er.t»  rs  into  th-  complex.  From  our  -.1  it-  at  *  qai  i  ibrlum  at 

*••  -.nan*,  rations  of  boron  we  Know  only  that  tner»  si  t  wo  -.mil.  om  witi. 

■  an ,  <  ai.J  one  with  a  charge  of  -1.  Th*  un.-narped  -amp  l*-.*  car  t*  *ii  or  :l .  1  * 

.  r  t.„  :  ,  etc.  The  enlon  oar.  be  Kb.  or  H.  ,  or  H.,  .  ''to.  !  •  a  nr  to 

.  ft  iTi.ii  *  which  of  the  above-named  formulas  aie  cerr---  •.  it  is  •<  -;;*«*y  11 

•  :  ■  -  li  d  f  invt'Sti  -.aticf.. 

r cent genograp hi;*  Investigations  J  l  .ii  at  a  •_!;•  ,  a®{  . 

•  if'.  arid  F(u:i~  D  th*  crystals,  1..  tri-r  l-  l-  1.  a  i  1  tr  i.-  u • 

I  bole;*  tetrr.hydroa  iu<  ,  It  was  pe’r.sit-  i<  to  -  r  fta  :*,  t  r  f  Li:  . 

t  •  roti  f-'mplexcs  in  st  rations  with  infrared  s:  t  .  -  *  r  -  c  •  *.».•  r.,  «r.or-. 

■  ,  of  1.  mown .  b  rv.  .  .  ■  •:  tt  •  •  "  ;  •  1  ’•  *. 


cor.~lud»i  cnit  t :  i  .t :  .r  ?  :.r*.  *i'*i  tee  **  t*~  -  .H  ,  and 

p(0H)7.  ?onseqi*er  t  Ly  ,  tr.f  m.rt  :r. table  reseller  wl i  1  te 

■K»*+tv>:N*+«oMr  (U) 

Let  us  return  to  the  curves  In  F<g,  1.  At  the  highest  concentrations  of  boron 
the  curves  differ  from  the  "limiting  curve."  It  la  otvlous  that  other  complexes 
(polybortte  anions)  are  also  formed. 

Chemical  literature  contains  many  assumptions  about  formulas  of  polyborat^s. 
Certain  autho.s  consider  that  there  are  two  separate  questions;  what  Is  the  form 
of  the  complexes  and  what  Is  their  durability.  However,  In  our  opinion  thcs<  two 
questions  are  indivisible  and  they  must  be  solved  together. 

If  we  have  •  sparent  aqueous  solution,  then  it  is  interesting  to  know  what 
complexes  are  in  it?  To  solve  this  problem  we  tried  many  methods,  both  the  most 
contemporary  and  also  old  ones.  For  instance,  for  borates  the  lines  of  the  Raman 
spectra  are  too  weak.  We  obtained  good  lines  for  B(OH)j  and  but  the  lines 

of  the  new  complexes  are  not  distinctive.  The  application  of  nuclear-magnetic 
resonance  turned  out  to  be  useless. 

For  system  of  borates.  Just  as  for  most  systems,  the  moet  reliable  method 
turned  out  to  be  the  method  of  equilibrium  analysis  with  the  help  of  emf.  With 
such  investigations,  in  our  opinion,  it  is  necessary  to  consider  the  following: 
one  must  make  no  prerequisites  about  formulas  of  products:  one  must  keep  the 
ionic  medium  as  constant  as  possible  (this  ensures  a  constancy  of  coefficients 
of  activity,  without  which  it  is  very  difficult  to  obtain  reliable  conclusions 
about  formulas  of  products);  one  must  conduct  the  measurements  and  analyses  as 
accurately  as  possible;  one  must  attain  as  wide  as  possible  a  range  of  concentrations 
of  central  group  and  H+. 

Tungsten* tes.  Figure  2  shows  the  corresponding  curves  during  acidation  of 
tungstenate-ion  (5].  Along  the  axis  of  abscissae  log  h,  is  placed;  ulong  ire  axis 
of  ordinates  2,  i.e.,  the  number  of  H+  vfcicfc  o.s  the  average  reacted  with  every 
anion  r  •  2  -  2  is  the  average  charge  at  every  W  atom.  lr.  aixali  solutions 

W  exists  only  in  the  form  of  WOj[~f  co  that  2  -  0,  t  -  The  different  curves 

pertain  tc  different  general  concentrations  of  tungsten.  !*y  mathematical  ana  lysS*. 
of  the  data  it  may  be  concluded  that  in  tnese  conditions  only  one  complex  wi*r.  cix 
atoms  W  and  charge  cf  -5  will  be  formed.  'rhe  curves  ir.  Fig.  2  are  caiculav-u 
asaumming  that  only  thU  reaction  .vc  cur  red 


«W^+7H*ZHW,Oir  +  3HtO.  (2) 

The  experimental  points,  obtained  by  Sasaki  from  measurements  of  the  emf  and  the 
theoretical  curves  well  coincide.  It  is  necessary  to  note  that  such  data  are  three- 
dimensional.  Two  coordinates  are  Z  and  log  h.  Imagine  that  the  third 
coordinate  is  log  B,  where  B  is  the  general  concentration  of  the  central  group, 
i.e.,  [W]Q-  .  In  this  case  these  data  present  part  of  a  three-dimensional  surface. 
The  problem  consists  of  finding  such  a  theory,  i.e.,  such  reactions  and  such 
equilibrium  constants,  *nat  the  surface  calculated  proceeding  from  this  theory 
coincides  with  the  experimental  data.  From  Fig.  2  it  is  clear  that  we  managed 
t  Ij  to  solve  this  problem. 

«  Experiments  show  that  if  the  segment  of 

/ / fr / If  f  the  surface  is  sufficiently  wide  the  solution 

4$  mwy/ ijmtf »  «eii  »  gj  of  the  problem  is  almost  simple.  With  other 

ifftflff  complexes  or  other  constants  the  theoretical 

^  __  surface  does  not  coincide  with  the  experimental 

data,  i.e.,  in  a  projection  such  as  in  Figs.  1 
s  either  the  f°™  °-  °urve6  °r  the 

tungstenates.  Curves  are  distance  between  curves  differ  from  the 

calculated  proceeding  from 

assumed  reaction  (2)  with  experimental  data, 

log  K  *  60.67  [5]. 

It  is  possible  tc  compare  the  "three- 
dimensional  data"  with  the  "twc-dimensional," 


If  there  are  measurements  only  at  one  concentration,  the  data  are  "two-dimensional." 
With  their  help  it  is  also  possible  to  exclude  certain  theoretical  assumptions. 

There  are  also  "one-dimensional  data."  Thus,  e.g.,  if  we  change  the  composition 
of  the  solution  and  simultaneously  measure  some  other  magnitude  (electrical 
conductivity,  viscosity,  specific  density,  etc.),  we  will  obtain  a  curve  on  which 
sometimes  there  is  a  clear  break;  in  certain  cases  we  can  assume  a  break.  But  only 
result  of  such  measurements  is  an  approximate  determination  of  the  position  of  this 
breax.  This  is  why  I  called  Buch  curves  one -dimensional.  If  there  is  only  one 
compl-  v  and  is  this  complex  is  mononuclear,  then  from  the  "one-dimensional  data" 
it  is  possible  to  make  a  definite  conclusion.  But  if  there  are  many  complexes 
ar.a  If  there  are  multinuclear  complexes  among  them,  then  "one-dimensional  and  two- 
dimensional  data"  are  Insufficient  for  such  a  conclusion. 


In  the  chemical  literature  contains  a  series  of  formulas  of  complexes,  wnich 
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Pig.  3.  Experimental  data  of  Z(log  n)_  for  the 

reaction  VOg  +  OH  .  Curves  are  calculated 

proceeding  from  the  assumption  about  the 
formation  of  decavanadates  with  equilibrium 
constants  given  in  the  text  [6], 

appeared  on  the  basis  of  "one-dimensional"  or  "two-dimensional  data,"  but  which 
lose  their  value  when  " three -dimensional  data"  are  used.  This  also  occurs  in  the 
case  of  tungatenates. 

Regarding  tungsten,  it  is  possible  to  add  that  reaction  (2)  is  only  the  first 

of  the  acidation  reactions;  equilibrium  in  it  is  rapidly  attained.  Upon  adding  a 

surplus  of  acid  and  heating  ether  complexes  are  also  formed.  In  the  future  we 

hope  to  investigate  them  at  a  higher  temperature. 

Vanadates .  In  strongly  acid  solution  pentavalent  vanadium  i3  in  the  form  of 

a  VOg  cation;  upon  adding  OH"  an  interaction  occurs.  Figure  3  shows  the  data  F. 

Rossotti  and  it.  Rossetti  [6],  As  in  the  preceding  cases,  on  the  axis  of 

abscissas  is  log  h,  and  on  the  axis  of  ordinates,  Z,  i.e.,  the  average  number  of 

OH",  combined  with  each  VOg  ion.  At  high  concentrations  of  acid  Z  -  0,  i.e.,  there 

is  only  VOg.  We  can  imagine  that  VOg  and  OH”  form  a  neutral  complex  such  as,  e.g., 

VOgCH  or  HVQj.  This  would  correspond  to  Z  »  1.  But  with  such  concentrations  this 

is  not  observed.  The  curves  attain  Z  *  1.4,  i.e.,  i.4  0H"/V0g  without  an 

-0  4x 

interruption;  anions  of  approximately  (Vx,..)  ’  exe  immediately  formed. 

Solutions  containing  these  anions  are  orange. 

Until  F.  Rossotti  and  H.  Rossotti  made  this  Investigation,  all  textbooks 
indicated  that  orange  solutions  contained  hexavanadates,  i.e.,  complexes  with  6  V 
atoms.  But  mathematical  analysis  of  the  data  showed  that  conformity  with 
experiment  is  obtained  only  if  we  consider  that  there  are  decavanadates  with  10  V 


atoms : 


»vo?+Mlo;H'V»ofr 

WJ&  ^  HV^iOt  «**»-*,«,  (5) 

HV,*Gfr£V*Ofr+H+  !<**«= -5.8- 

Brito  and  Ingri  continued  the  investigation  of  van&d&tes  in  more  alkaline 
solutions  [7].  Their  data  are  represented  in  Fig.  4.  On  the  axis  of  abscissas 
is  log  [OH"] ,  on  the  axis  o  ordinates  is  Z.  Z  is  the  average  number  of  A  -  H+, 

Pm* 

which  reacted  with  each  B  ■  HVO^".  At  Z  ■  0  we  have  "pyrovanadates"  with  charge 
of  -2/Y;  at  Z  -  1  we  have  "metavanadates"  with  charge  of  -1/V. 

.  The  general  formula  of  the 

1  * 

complex  can  be  written 

m////  From  the  data  of  Z{ log  h)B 

•  «■<*  we  can  calculate  the  average 

]2S  composition  of  complexes  (p  and  q) 

-ms  .mm  .m 

1.  >  ■  j.  .  t  1—  ..i.  i.»  ■  .i.i-i  without  any  prerequisites;  the 

mathematical  calculation  is  simple 

Fig.  4.  Experimental  data  of  Z(-log  0H")£  [8]>  Figure  5  EhoWlJ  -  aAd  - 

for  acidatioo  of  HVOf".  Curves  are 

calculated  proceeds  fro*  aasumd  reatlona  '^'■‘l.ted  tnualv.  The  small 
mi  constants,  elven  In  text  [7],  crosses  correspond  to  possible 


i 


Fig.  4.  Experimental  data  of  Z(-log  0H")£ 

for  acidatlor.  of  HVojj".  Curves  are 

calculated  proceeding  from  assumed  reations 
and  constants,  given  in  text  [7]. 


complexes.  Based  on  thiB  calculated  P*  q  it  may  be  concluded  that  at  the  highest 
concentrations  of  vanadium  the  predominant  complexes  are 


»(H*)»{HV0S-)»«V,08-  and  AB,=»H*  { HVOi~ ),  «  rt'^ , 


in  which  a  minimum  quantity  of  water  is  assumed.  All  these  conclusions  are  made 
without  any  assumptions  about  the  compositions  of  complexes.  The  presence  of  the 
shown  complexes  was  confirmed  by  more  exact  calculation  crew  ana  the  following 
final  constants  of  equilibrium  were  obtained; 

JWVO}-  -f  OH”  kw**=-3JS, 

IHVO?”  «V,Oi~  +30H"  log  AT=- 10.42, 

Hvci-  + k,o = H,vcr t- oh  iog*=-«,o. 


The  question  arises:  why  are  Just  and  HV£0y"  formed  and  not,  for  instance, 

HV.O?”  and  V0oij"?  This  formulation  of  the  problem  show?  thft  we  rear- one  '  by  an 

j  y  *  f 

analogy  with  the  chemistry  of  phosphorus.  Phosphorus  he. 3  a  coordination  number  of 


■*-  ll-  3- 

4,  so  that  POjj  ,  FgO ^  ,  etc.,  are  formed.  But  for  vanadium  the  coordination 

2- 

number  most  frequently  is  5.  Consequently,  the  HVO^  ion,  in  our  opinion,  is 
more  likely  VOg(OH) from  measurements  of  equilibrium  in  aqueous  solutions  it  is 
possible  to  conclude  the  number  of  V  atoms  and  the  charge,  but  it  is  Impossible  to 
conclude  the  number  of  water  molecules,  so  that  the  formulas  KVO^  and  70g(0H)j 
cannot  be  distinguished.  Thus,  it  is  possible  tc  explain  the  two  complexes 

HV2°7~  6111(1  V?°9~'  i•e•,  ( V02) 2(oh) 5^  911(1  in  the  first  there 

is  a  OH  bridge  between  the  two  V02  groups;  the  second  is  a  ring  with  three  OH 
bridges.  However,  these  structures  are  hypothetical;  their  confirmation  would 

be  of  interest. 

Figure  6  shows  the  total  the  data  of  F. 
Rossottl  and  H.  Rossotti  and  Ingri  and  Brito. 

Hie re  are  two  regions:  "VO^  +  deca"  and  "meta-pyro 
If  we  mix  a  solution  corresponding  to  the  region 
"VOg  +  deca"  with  acid  or  another  solution  from  the 
same  region,  then  equilibrium  1b  established  very 
raoidly.  If  we  mix  a  solution  from  the  "pyro-meta" 
region  with  an  alkali  or  another  "pyr->-meta" 
solution,  equilibrium  is  also  Instantly  obtained. 

Between  them  is  a  region  characterized  by  very 
slow  reactions;  we  called  it  the  region  of 
instability.  If  a  solution  is  in  this  region  briefly,  then  equilibrium  is  not 
attained;  it  may  be  that  In  this  case  a  colloid  will  be  formed.  Thus  occurs, 
e.g.,  if  a  "pyro-meta"  solution  is  mixed  with  a  solution  containing  "VOg  +  deca" 
with  an  acid.  We  think  that  exactly  this  is  the  cause  of  the  difficulties  of 
many  previous  investigations. 

Molybdates.  Figure  7  depicts  different  curves  obtained  by  Sasaki  [9]  from 

measurements  of  emf  and  analyses.  On  the  axis  of  ordinates  Z  is  the  average 
+  p- 

number  of  H  combined  with  each  MoO^  ion.  The  average  charge  & z  each  Mo, 
z»Z-2.  At  pH  >  8,  Z  -  0  and  there  is  only  MoO^”.  As  before,  the  curves  are 
calculated  theoretically,  and  the  points  are  obtained  experimentally.  An  analysis 
of  the  curves  (Fig.  8)  shows  that  at  the  highest  concentrations  of  molybdenum 
basically  ions  with  7  Mo  atoms  are  formed  and  that  the  (H  )g(Mo0.j  complex,  i.e., 
Mo7°24‘  10  e8Pecially  stable.  It  is  very  probably  that  this  is  the  same 


Fig.  5.  Average  composition 
(p  and  q)  of  complexes 

(H+)p(HVOjj"’)q. 


-107- 


Pig.  6.  Survey  of  the  totality  of  experimental 
data  on  vanadium.  Between  the  regions  "VOg  + 

+  deca"  and  "oeta  +  pyre"  is  a  region  of 
instability  [6,  7]. 
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Fig.  7.  Experimental  data  of  Z(log  h)  for  acidation  of  molybdate. 

para-moiybdate,  which  Lindkvist  found  in  structures  of  crystals  [iOj. 

Table  i  gives  those  reactions  which  we  concluded  on  the  basis  of  our  data. 
Here  we  give  che  constants  of  equilibrium  from  article  [9]  '*'-<*  tho8e  constants 
which  we  obtained  during  treatment  of  wider  material  with  help  cf  an  electronic 


••* 


a  MKT>  oi* 

•  ms 


'  ■  1  *  . . .  ••  ,,r“a“^^™»p 

i  *  I  . 

Pig.  8.  Average  composition  p,  q 

of  complexes  (H+)p(MoCOjj~) . 

Calculated  directly  from  experimental 
data  [10]  according  to  method  [8], 


computer  [11],  Our  data  can  be  explained 

by  assuming  that  there  are  basically 

complexes  with  one  or  seven  Mo  atoms. 

In  our  opinion,  only  in  strongly  Mid 

solutions  are  there  cations  with  charge 

of  +1;  however,  by  thiB  ue  still  cannot 

determine  how  many  Mo  atoma  are  In  it. 

At  high  concentrations  of  molybdenum 

there  is  a  more  complicated  complex, 

4- 

perhaps,  Mo^O^g. 

In  the  chemical  literature  various 


-.2- 


>4- 


HMoOjJ,  H2Mq04,  Mo20^“,  MOjO’",  HMo^“,  Mo40|‘,  HgMo^O^,  HMo^O^^,  HMOgO g,  H^OgC^ 
H3Mo6°21  *  Mo7°24*  Mo8°26 ’  Hn_l(Mo04)in'1)".  HMo12oJ|",  a^Mo^oJ",  ^Mo^g, 
HgMo21(0^g,  ^2n-i^‘2^4^n'  (^2^°°4^n" 


assume  the  following  complexes:  MoO 

5- 


2- 


Table  1.  Equilibrium  of  Molybdates  According  to  [9J 
and  [11] 


fetation* 

MR 

lfeOf+H*-HMa04- . 

m 

u 

HMaG4-+K+«HaMoO, . 

- 

V 

1»aO$-  +  «M+_M«lOfr+4IVO.  . . 

W.T 

$rj9 

j»M>fr+ H+-H«KO»- . 

U1 

w 

MKo|r+H+~tMifeO$r . 

V 

V 

IUIfeO£r+H+-IVtolO£-.  algo  poNibla 

«nd<M*O^.M+  (M-W...)  nation. 

and  MfedOf  *«Pl*x  . . . 

— 

u 

Four  of  these  formulas  coincide  with  ours;  the  presence  of  ocher  complexes 

is  not  confirmed  by  our  measurements;  however  from  the  investigations  of  the 

•8  4-  3- 

Stockholm  authors  there  are  still  new  formulas:  HMOj024,  HgMOyOgg,  ard  H^Mo^Ogj,. 

The  method  offered  by  us  allows  conducting  a  certain  simplification  and 
sampling  of  data  in  chemistry  of  polyanions. 

Chromates.  Sasaki  [12]  thoroughly  investigated  solutions  of  chromates  by 
the  spectrophotometrlc  method  and  the  emf  method.  Figure  1C  shews  his  results 
(designated  by  points)  obtained  by  the  method  of  measuring  emf  (Z  is  tne  average 
number  of  H  with  reacted  with  each  CrO^  group).  From  an  analysis  of  these  data 


- 1  0m_ 


Pig.  9.  Experimental  data  for  Fig.  10.  Connection  of  the  surface  by 

acidation  of  the  CrO$~  ion.  Curves  loS  B(loe  h)Z  at  conBtant  Z.  Curves  are 

are  calculated  proceeding  from  theoretically  calculated  proceeding  from 

v  2  the  assumption  that  there  are  only 

assumption  that  only  HCrOjj"  and  complexes  B  (boric  acid),  AB  (monoborate- 

CfgOB*  exist  with  equilibrium  ion'  A2B5  (Pentaborate-ion  with  charge 

constants  given  in  text  fl7].  data^Fig  f^*8  designate  exPeri!nental 

Saski  concluded  the  possibility  of  two  reactions  occurring  and  obtained  equilibrium 
constants  for  them;  the  curves  in  Fig.  9  were  calculated  theoretically,  proceeding 
from  these  assumptions.  Almost  the  very  same  constants  were  obtained  from  the 
spectrophotometric  data: 

Reaction  log  K 

emf  .spectrophotometric 

H^+CKtf’SHQOr  5,89  ±  0,02  5.91  ±0,01 

+  2,90  ±  0,0S  2.18±0,08 

in  a  system  of  chromates  we  find  namely  those  complexes,  (Jr0^_,  Cr2c|”,  and 

HCrOjJ,  whose  existence  was  assumed  by  all  authors. 

In  order  to  reveal  the  essence  of  some  of  our  methods  we  will  return  to  boron. 

The  French  researcher,  Carpenl  (1?3»  noted  that  curves  such  as  are  depicted 

in  Fig.  i  approximately  correspond  to  Z  -  0.4.  It  follows  from  this,  according  to 

his  nssvimptlon,  that  there  are  mainly  polyanions  of  this  composition,  i.e.,  with 

five  B  atoms  and  charge  of  -2.  it  Is  not  difficult  to  check  the  correctness  of 

3uch  an  assumption.  The  data  in  Fig.  i  present  a  three-dimensional  surface;  each 

curve  of  Z(log  h)  is  a  cross  section  at  a  constant  general  concentration  B. 

Figure  10  shows  ctosb  sections  of  the  same  surface  B(log  h)^  at  constant  Z.  It  is 

C  *1 

easy  to  prove  that  if  there  are  only  three  complexes,  schematically  ,  3^  ,  and 
2- 

3^  ,  that  the  totality  of  cross  sections  has  to  have  the  same  form  (curves  in  Fig. 
10).  In  the  same  case  it  would  have  been  possible  to  displace  theoretical  curves 


in  such  a  way,  so  that  they  coincided  with  the  experimental  points.  It  is  obvious 

that  this  is  Impossible,  and,  therefore,  the  hypothesis  of  Carpeni  can  be  excluded. 

From  a  mathematical  analysis  of  our  data  it  follows  that  is  &  F"  complex 

and  also  complex  with  charge  of  -2.  But  the  range  of  concentration  for  boron  *./as 

too  narrow  to  finally  solve  the  question  about  the  number  of  boron  atoms;  3  or  4; 

2-  2- 

i.e.,  Bj  or  .  Since  the  basic  difficulty  of  solving  this  problem  is  connected 

with  the  narrow  range  of  concentrations,  this  question  naturally  appeared:  why 

/ 

not  work  at  very  high  concentration  of  borate  and  use  the  actual  borate  instead 
of  perchlorate  as  the  ionic  medium?  This  is  the  method  we  called  self -medium 
( self -medium  method) . 

At  first  we  will  mention  the  fact  that  when  a  medium  created  by  a  neutral, 

e.g.,  sodium  perchlorate.  Is  used  the  activity  of  (HgO)  and  ions  creating  the 

medium,  e.g.,  (N+J  and  (C10]j),  is  almost  constant,  as  a  result  of  which  it  is 

impossible  to  establish  from  measurements  of  equilibrium  how  many  molecules  of 

water  or  ions  creating  the  medium  and  in  the  composition  of  the  complex.  For 

instance,  the  triborate  ion  with  charge  of  -1  could  have  the  general  formula  of 

{(0H“)  [B(OH)-j]j«Nax(C10J|)yH20)x'y“1.  However,  Na+  and  ClOjj  are  not  an  essential 

part  of  this  complex.  This  can  be  concluded  from  the  fact  that  the  same  complex 

and  almost  the  very  same  equilibrium  constant  is  also  obtained  in  medium  of  NaBr 

or  KBr  [14],  The  quantity  of  HgO  can  be  Judged  by  the  structures  of  crystals, 

where  there  is  a  B^O^(OH)]j,  complex  which  corresponds  to  Z  -  -J.  If  we  now  use 

sodium  monoborate,  Na+B(OH)j|  as  a  medium,  the  general  formula  of  complexes  will 

be  (H+)  [B(OH)JJ]  (Na+)  (H„0)  .  From  measurements  of  equilibrium  in  a  self -medium 

one  can  determine  only  p,  i.e.,  the  number  of  H+  in  the  complex;  the  other 

magnitudes  (q,  x,  y)  are  not  determined. 

It  is  important  to  note  that  now  we  have  possibility  separate  ions  into 

groups  on  the  basis  of  the  magnitude  p.  A  group  where  p  -  1,  i.e.,  a  group  with 

one  H+  ion  and  an  unknown  quantity  of  B(OH)]j  correspond  to:  boric  acid,  diborate 

with  charge  of  -1,  triborate  with  charge  of  -2,  etc.,  (B  ,  B,,  B,  ,  etc.).  In  a 

group  where  p  -  2,  we  find  B+,  B®.  By  Bjj’,  etc.  Now  it  is  possible  to  answer 

2-  2- 

whlch  point  of  view  is  more  correct:  assuming  B|  or  .  Cur  measurements  in 
a  self-medium  indicate  that  protons,  possibly,  come  forward  by  pairs: 


(M*)a+l0ir:iH,O  (SMNsB(OHy. 


This  means  that  tetraborate  (2-)  (p  -  2)  is  mors  probable  than  triborate  (2-)  (p  -  1). 
The  magnitude  of  the  constant  of  the  assumed  reation: 

*0 + RA <OH)J- + H*r  z  *B (OH)T  k**-7,!9 

well  coincides  with  that  we  obtained  in  a  neutral  medium  log  K  >  7.10  (3M  NaClO^) 

(it  Is  difficult  to  expect  then  to  be  fully  identical). 

An  analysis  of  data  shows  that  in  acid  solutions  and  at  high  concentrations  of 
boric  acid  there  is  one  more  complex:  either  Bjj  or  By  We  checked  this  assumption 
by  the  USTAGROP  method  (this  is  program  for  an  electronic  computer,  developed  by 
us  in  Stockholm).  I£TAGROP  can  be  presented  as  a  generalized  method  of  least 
squares  applied  when  the  functions  are  not  linear  and  not  even. 

Table  2  gives  the  "best  magnitudes"  of  constants  and  their  average  error,  and 
also  the  average  error  for  Z  obtained  from  the  results  of  processing  180 
experimental  points  (90  in  a  medium  of  3M  NaClO^  and  90  in  a  medium  of 
0.1M  MaClO^).  It  is  evident  that  the  average  error  is  less  assuming  By  and  it 
seems  to  us  that  this  complex  is  the  most  probable  [13]. 


Table  2.  Equilibrium  Constants  Calculated  by  the 
LETAGROP  Method  from  Data  for  Borates,  According  to 
Two  Different  Assumptions 


teMtlan* 

•Moj 

|  si  Awaaj 

H.O+KOHb-H^+KOHV . 

—MS**  MSS 

-WiMB 

■KOMW-H*  fkA^OMV  +  »V3 . 

-MM*M«7 

«<OH,  -  H*  +  SgUOHV  +  IHjO . 

-Mu  MSS 

~r.iv  turn 

''•tf) . . 

MSN 

«SBW 

•M>+*<OKJ»-M*  +  »<OHV . 

-MWfMS 

•IMtMM 

-  H*  ^  +  ***0 . 

-M«*Mi i 

VVO«V  . 

-tmiUM 

»«*> . 

MM 

MMI 

Thus,  from  cur  data  we  concluded  that  in  solutions  of  borates  there  are  mail  ly 

-  p.  ,  ..  _ , _  ...  w 

polyanions:  B^,  ,  anc  B^.  it  is  interesting  tnese  we 

onciuded  on  the  basis  of  our  data  were  independently  found  in  structures  of 
rystals:  B^O^(OH)^”  (15)  and  B^Qg(OH)^  (16];  however  the  third  SjOj(OH)^ 
is  not  revealed  in  crystals  while  only  B,0j(CH)^~  (17). 
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QUESTION  ABOUT  PHASE  TRANSITIONS  IN  SOLID  BODIES 


R.  B.  Dobrotin,  A.  V.  Suvorov,  and  Yu.  V.  Kondrat'yev 

The  problem  of  phase  transitions  is  one  of  the  most  interesting  problems  of 
solid  state  physical  chemistry.  Besides  the  basic  thermodynamic  parameters  of  phase 
transition  (temperature,  heat,  entropy),  the  anomalous  increase  of  heat  capacity 
near  the  phase  transition  and  the  observed  in  connection  with  this  interval  of 
temperatures  of  transition  has  great  value. 

About  the  nature  of  the  mentioned  temperature  interval  there  are  several 
points  of  vie  \  Certa'-i  authors  explain  it  by  the  influence  of  impurities  [1] 
and  others  by  the  appearance  near  the  trensltlon  of  different  type  fluctuations 
or  a  large  number  of  defects  and  so  forth.  In  the  last  case  the  Interval  of  that., 
transition  should  be  intimately  connected  to  the  nature  of  a  given  solid  body 
[2,  3).  The  spread  of  phase  transition  can  be  greatly  affected  by  the  actual 
method  cT  measuring  heat  capacity.  In  the  literature  comparatively  little 
attention  is  paid  to  thl6  factor. 

This  worK  has  the  goal  of  obtaining  data  about  ‘hermal  effect  and  magnitudes 
of  temperature  interval  of  transition  with  the  help  of  the  ceicrimeti  !e  methoa. 

As  objects  we  chose  halides  of  tungsten  and  tantalum,  re  U.er  well  studied  from 
the  thermodynamic  side  and  having  temperatures  of  fusion  and  phase  transitions  in 
the  region  of  average  temperatures. 

The  Instrument  on  which  we  conducted  measurements  is  the  usual  type  of 
calorimeter  of  pulse  heating  with  internal  heater  without  adiabatic  shell.  The 
thermal  impulse  (*.5  to  5.5  cal)  lasted  30  sec.  To  decrease  the  heat  raolatior  the 


internal  part  of  calorimeter  was  evacuated  to  10"^  mm  Hg.  The  temperature  o;  tn- 
thermostat  was  supported  with  accuracy  of  0.01°;  the  rise  of  temperature  in  th- 
main  period  of  the  experiment  was  measured  by  a  thermocouple  with  accuracy  of 
0.005°  and  did  not  exceed  1.5°.  The  result  of  every  experiment  corresponding  to  a 
definite  initial  temperature  of  the  thermostat  was  the  usual  calorimetric  curve: 
temperature  -  time. 

The  investigated  substance  was  placed  in  a  soldered  glass  ampule  with  an 
internal  pocket  fer  a  heater.  The  application  of  glass  ampule  is  explained  by  the 
specific  character  of  the  behavior  of  the  investigated  heat  capacities  of  solid 
bodies.  Nevei theless,  the  more  significant  endothermic  effects  accompanying  phase 
transitions  in  our  instrument  could  be  measured  sufficiently  reliably. 

The  preparation  of  WCl^  investigated  by  us  was  prepared  by  a  known  method  [4J 
and  contained  not  more  than  0.2#  impurities.  A  preparation  of  TaCl^,  containing 
not  more  than  O.Q~}%  impurities,  was  kindly  given  to  us  by  A.  R.  Kurbanov.  The 
ampules  were  filled  in  a  vacuum,  without  contact  with  air.  The  suspension  of  the 
investigated  substance  weighed  5-10  g.  "Chemically  pure"  KNO-j  was  used  for 
calibration.  It  was  subjected  to  special  purification  and  was  heated  for  a  long 
time  in  a  vacuum  to  remove  traces  of  moisture. 

The  results  of  experiments  on  WClg  and 
TaCl^  are  represented  in  Fig.  1.  The  ordinate 
shows  a  conditional  magnitude  proportional  to 
heat  capacity  and  including  thermal  values  of 
calorimeter  in  calories/degree.  On  the  figure 
one  can  distinctly  see  the  anomalous  heat  capacity 
in  the  a-p  region  of  transition  of  WClg  and  during 
Fig.  1.  fusion  of  WClg  and  TaCl^,  It  is  obvious  that 

the  areas  limited  from  one  side  by  the  line  of  anomalous  heat  capacity  and  from 
other  by  the  continuation  of  smooth  movement  of  curve  have  to  give  an  absolute 
value  of  the  heat  of  phase  transitions  in  calories.  Inasmuch  as  the  error  of 
experimental  magnitudes  in  the  region  corresponding  to  a  peak  is  sufficiently  large, 
' ■  obtain  more  exact  data  it  is  necessary  to  introduce  a  correction  according  to 
.he  melting  heat,  of  the  calibration  substance  (the  curve  for  K.N0j  is  not  given  on 
the  graph). 

The  heats  of  transition  obtained  by  the  above-described  method  are  given  in 


Investigated  substance 

Character  of 
transition 

Heat  of 

transitions 

Literary  data 

WC16  ......... 

a  -  0 

5.5 

5.6  [4] 

WC16 . 

fusion 

4.? 

2.6  [4] 

TaCl5  . 

fusion 

8.6 

8.4  [53 

the  table.  The  table  also  contains  a  comparison  with  magnitudes  known  from  the 
literature. 

As  already  noted,  the  question  about  the  interval  of  temperatures  in  which  an 
anomalous  heat  capacity  is  observed  during  phase  transition  is  of  great  interest, 

A  consideration  of  the  process  of  heating  a  substance  in  an  instrument  indicates 
the  presence  in  the  volume  of  the  sample  of  noticeable  gradients  of  temperature. 

At  the  moment  of  supply  of  thermal  impulse  the  heater  brings  the  layers  of  substance 
nearest  to  it  to  higher  temperatures  compared  with  the  external  layers. 

Consequently,  the  initial  temperature  of  the  mentioned  interval  should  correspond 
to  the  state  when  the  temperature  of  layer  of  substance  near  the  heater  becomes 
equal  to  the  temperature  of  transition.  The  fixed  temperature  of  the  external 
surface  of  ampule  can  be  much  lower.  Kith  such  a  situation  a  small  portion  of 
thermal  impulse  will  be  absorbed  as  a  result  of  transformation  of  part  of  the 
r ab stance  in  the  sample.  With  subsequent  increase  of  experimental  temperature 
a  larger  and  larger  share  of  the  substance  will  experience  transformation,  wnich 
will  cause  an  even  more  significant  absorption  of  heat  and  corresponding  lowering 
of  temperature  in  main  period  of  the  experiment.  Such  a  position  and  will  seem 
like  a  growth  of  anomalous  heat  capacity.  Hie  summit  of  the  peak  in  Fig.  1 
corresponds  to  maximum  absorption  of  energy  of  thermal  impulse,  and  the  extreme 
high-temperature  end  of  the  "region  of  transition"  corresponds  to  the  moment  of 
almost  full  transformation  of  all  the  investigated  sample. 

It  is  necessary  to  note  that  in  the  short  time  of  the  main  transition 
(30-40  sec)  in  spite  of  the  unbalanced  conditions,  the  portion  of  the  substance 
subjected  to  transformation  could  not  return  to  the  initial  state.  Therefore, 
the  process  of  reverse  transition  (in  particular,  crystallization)  accompanied  by 
liberation  of  heat  occurred  in  the  final  period.  This  ^rcumstance  can  be 
confirmed  by  the  difference  in  the  rate  of  cooling  of^alorimeter  in  the  region  of 
anomalous  heat  capacity  and  outside  of  it.  Figure  2  gift*  the  cooling  constant  of 
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the  calorimeter  in  arbitrary  units  denending  upon  the  experimental  temperature.  We 
see  that  in  the  region  of  phase  transition  the  cooling  constant  sharply  drops, 
which  corresponds  to  an  anomalous  rate  of  cooling  of  the  calorimeter  in  the  final 
period  due  tc  a  delay  in  the  process  of  heat  liberation. 

The  above-stated  considerations  indicate  that 
anomaly  of  heat  capacity  near  the  phase  transition  may 
be  basically  attributed  to  the  peculiarities  of  thermal 
balance  of  the  instrument. 

It  seems  to  us  that  this  circumstance  affecting 

a  "" 

the  interval  of  phase  transition  pertains  not  only  to 
the  method  chosen  by  u§.  The  same  pertains  to  the 


:  Vr 

'  traatiilra  ftwloa 


Fig.  2. 


method  of  measuring  true  heat  capacity  in  a  calorimeter  of  continuous  heating  with 
an  adiabatic  shell  spreading  from  15  to  100°.  In  certain  cases  shift  of 
temperatures  of  the  interval  of  phase  transition  occurs  during  heating  and  cooling 
[?].  Here  the  appearance  of  the  interval  of  transition  can  also  be  partially 
explained  by  the  peculiarities  of  thermal  balance  of  the  calorimeter.  Actually, 
with  a  continuous  supply  of  heat  the  appearance  of  temperature  gradients, 
especially  for  the  presence  of  two  phases,  is  inevitable.  Nonetheless,  it  1b 
necessary  to  Indicate  that  in  spite  of  this  the  heat  of  phase  transitions  measured 
in  such  a  way  turns  out  to  be  correct.  The  fact  1b  that  the  energy  content 
leading  to  full  transformation  of  the  substance  obviously,  will  not  depend  on  the 
thermal  balance  of  the  calorimeter.  The  difference  will  be  only  in  the  time 
needed  for  transformation  of  all  the  investigated  sample. 

A  qualitative  appralaal  of  the  temperature  gradient  in  the  calorimeter 
during  transition  from  a  single-phase  to  a  two-phase  region  can  be  gotten  from 
the  magnitude  of  temperature  trenafer  a.  As  is  Known,  a  ■  >/d*C,  where  ->  is  the 
thermal  conduction  of  the  substance,  C  is  the  specific  heat  capacity  and  d  the 
specific  gravity. 

Let  ua  assume  that  10#  of  a  certain  substance  passed  into  a  high-temperature 
‘orm  and  the  heat  of  transition  is  equal  to  20  Kal/g.  We  can  assume  that  •>  and  d 
change  not  very  strongly.  However,  in  the  case  of  formation  of  a  new  phase  the 
magnitude  a,  besides  heat  capacity,  will  also  include  AH,  the  e  ithalpy  of  the 
transformed  part  of  substance.  As  it  is  simply  calculated,  the  magnitude  C  vail 
be  Increased  with  the  accepted  assumptions  by  more  than  10  times .  This  will 
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correspond  to  a  decrease  of  temperature  transfer  a  also  by  10  times. 

The  method  of  measuring  heat  capacity  by  periodic  heating  with  an  adiabatic 
shell  should  give  a  minimum  drop  of  temperatures.  Actually,  sometimes  the  heat 
capacities  measured  by  this  method  in  region  of  fusion  in  general  do  give  no 
anomaly  or  "region  of  transition"  [8],  In  other  a  cases  sharp  rise  of  heat 
capacity  in  the  region  of  fusion  is  nevertheless  observed  [9]. 

An  analysis  of  the  thermal  balance  in  a  calorimeter  of  pulse  heating  with 
adiabatic  shell  showed  that,  as  the  boundary  of  phase  transformation  moves  further 
from  the  heater  and  the  thermometer,  a  temperature  gradient  can  appear  in  the 
investigated  sample.  When  there  are  two  phases  in  the  calorimeter  the  final  period 
of  the  calorimetric  experiment  turns  out  to  be  distorted,  which  naturally  leads 
to  increased  data  on  heat  capacity.  In  our  opinion,  this  circumstance  can  also 
be  one  of  the  possible  causes  of  anomalies  of  heat  capacities. 

In  conclusion  it  is  necessary  to  note  that  it  is  impossible  to  doubt  the 
objectiveness  of  the  existence  of  an  interval  of  transition  and  an  anomalous 
increase  of  heat  capacity.  However  it  is  necessary  to  consider  that  along  with 
influence  of  fluctuation,  defects  or  impurities,  a  large  role  can  be  played  by 
factors  connected  with  the  method  of  measuring  heat  capacity,  especially  when  phase 
transition  is  accompanied  by  a  comparatively  large  energy  effect. 

The  authors  express  deep  gratitude  to  Prof.  S.  A.  Shchukarev  and  Associate 
Professor  G.  I.  Novikov  for  their  attention  and  valuable  indications. 
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ELECTROKINETIC  PROPERTIES  CP  DEPOSITS  OP  COPPER  FI 1ROCYANIDE 
OBTAINED  IN  DIFFERENT  CONDITIONS 

I.  F.  Karpova,  V.  N.  Smirnova,  and  T..  A.  Fridrikhsberg 

An  investigation  of  the  colloidal-chemical  properties  of  ferrocyaniues  [Ffs] 
(®U)  of  copper  and  other  metals  is  of  interest  in  connection  with  the  solution  of 
a  number  of  problems,  e.g.,  the  separation  heavy  metals  by  the  method  of  froth 
flotation  of  FTs  [1],  the  quantitative  determination  of  metals  through  FTs 
complexes  [2],  obtaining  osmotic  semlpermeable  membranes  and  others. 

It  is  known  that  the  composition  and  properties  of  copper  FTs  considerably 
depend  on  the  conditions  of  obtaining  it  [3],  in  particular  on  the  composition  of 
reacting  3alta  and  the  ratio  their  concentrations.  An  investigation  of  the 
structurally-mechanical  properties  [4]  showed  that  the  anionic  composition  of  the 
Initial  solution  strongly  affects  the  magnitude  of  resistance  to  shift  by  copper 
FTs  ashes. 

The  physical  properties  of  the  obtained  ashes  and  deposits,  e.g.,  their  color 
and  dimensions  of  particles,  also  change  depending  upon  the  conditions  of 
production,  which  is  combined  not  only  with  structural  parameters,  but  also  with, 
change  in  the  composition  of  the  obtained  FTs.  The  composition  of  the  solid  phase 
obtained  in  a  surplus  of  copper  ions  is  close  to  pure  copper  FTs,  whL.eas  in  a 
surplus  of  potassium  ions  mixed  FTs  of  potassium  and  copper  are  obtain* u  [5J. 
Between  them  can  be  a  whole  series  of  transition  complex  compounds,  in  many  cases 
unstable  and  transient  from  one  state  to  another.  Process  of  formation  of  the 
solid  phase  is  complicated  by  absorption  of  ions  and  molecules,  which  are  in  the 
solution. 


All  those  circumstances ,  even  at  strict  constancy  of  production  conditions, 
lead  to  our  not  always  attaining  good  reproducibility  of  properties  of  obtained 
deposits,  Inasmuch  as  it  is  impossible  completely  to  control  the  ratio  of  reagents 
at  the  moment  of  formation  of  the  solid  phase. 

There  are  also  Indications  that  the  solid  phase  is  not  always  \miform  in 
composition  and,  possibly,  consists  of  particleB  with  different  charge  signs. 

Thus,  negatively  charged  copper  FTs  adsorbs  not  only  cations,  but  also  anions  [6] 
and  coagulataa  under  the  effect  of  both  cations  and  anions  [7]. 

In  spite  of  the  complexity  of  composition  and  insufficient  reproducibility, 
nevertheless  we  can  trace  the  influence  of  production  conditions  on  the  properties 
of  FTs.  This  work  is  undertaken  to  further  investigate  this  connection,  find  namely, 
to  study  the  electrokinetic  properties  of  copper  FTs.  In  works  on  measuring  the 
f-potential  of  copper  FTs  by  the  method  of  electroosmosis  [8]  the  production 
conditions  were  not  considered.  In  a  work  [9]  studying  FTs  membranes  on  a  collodion 
basis  was  it  is  established  that  the  anionic  composition  of  solution  renders 
a  considerable  influence  on  the  electrochemical  activity  of  a  diaphragm, 
characterized  by  a  change  in  the  ion  migrations  number. 

In  this  work  we  investigate  the  mangitude  of  {-potential  and  surface 
conductivity  of  dried  deposits  of  copper  FTs  depending  upon  production  conditions. 

The  Influence  of  composition  and  concentration  of  initial  reagentB  on 
properties  of  an  FTs  deposit  can  be  subdivided  into; 

1)  the  Influence  of  a  surplus  of  one  of  the  two  ions  forming  the  solid  phase, 
i.e. ,  the  potential-determining  ions  Cu2+  and  [Fe(CH)g]1>"; 

2)  the  influence  of  the  copper  salt  anion,  not  entering  into  the  regular1 
composition  of  the  solid  phase.. 

To  study  the  influence  cf  a  surplus  the  deposits  were  prepared  by  different 

methods.  A  surplus  of  [Fe(CM)g]  was  attained  by  pouring  a  solution  of  copper  salt 

into  a  solution  of  Kj|[Fe(CI()gJ  of  equivalent  (type  A)  or  higher  concertr  tion 

2+ 

(type  AA).  Deposition  in  surplus  of  Cu  was  attained  by  changing  the  order  of 
pouring  (type  8)  and  also  by  increasing  the  concentration  of  Cm  (type  BB). 


lWe  did  not  exclude  the  possibility  of  it  entering  the  solid  phase  In  the  form 
of  some  other  inclusion. 
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To  study  the  anion  influence  the  following  copper  salts  were  selected:  CuSOjj, 
CuClg,  Cu(CH^C00)2,  and  Cu(N0j)2.  Deposits  were  obtained  by  pouring  equal  volumes 
of  the  solutions  in  the  shown  order  with  continuous  mixing.  After  ripening  of 
deposit  for  10  hours,  it  was  filtered  on  a  Buchner  funnel  and  washed  to  the  absence 
of  the  surplus  ions  in  the  filtrate,  after  which  it  was  dried  at  70°C  to  a  constant 
weight. 

ii 

In  a  surplus  of  [Fe(CN)g]  we  frequently  obtained  highly  dispersed  suspensions, 
in  such  cases  the  dispersed  phase  was  separated  on  a  sharpless  supercentrifuge. 

The  ([-potential  on  dried  deposits  (powders)  was  measured  in  solutions  of  KC1, 
HC1,  and  CuClg.  In  the  first  case  we  studied  powders  preliminarily  treated  by 
a  0,2  n  solution  of  KC1  (i.e.,  in  K+  form),  and  also  untreated  powders;  the 
obtained  data  almost  did  not  differ,  inasmuch  as  deposition  occurred  in  a  medium 
rich  in  potassium  ions.  Measurements  in  HC1  solutions  were  connected  on  powders 
preliminarily  treated  with  a  0.05  n  solution  of  HC1. 

The  ([-potential  was  determined  by  the  method  of  flux  potential  with  correction 
for  surface  conductivity  (10,  11]  in  a  O.OOi  n  solutions,  and  also  by  the  method 
of  electrophoresis  in  0.01  n  solutions  in  the  ChaykovBkiy  instrument. 

The  data  obtained  for  different  samples  of  one  type  differ  from  each  other 
significantly  more  thtui  for  separate  portions  of  one  sample.  An  example  of 

reproducibility  of  data  is  given 
in  Table  1. 

The  average  (per  sample) 
values  of  (["potential  are  given 
in  Table  2  (electrophoresis)  and 
Table  3  (flux  potential).  The 
pointer  designates  the  order  of 
pouring.  The  title  shows  the  initial  copper  salt. 

A  comparison  of  data  in  Tables  2  and  3,  in  spite  of  the  difference  in  methods 
of  measuring  and  insufficient  reproducibility  of  samples,  allows  us  to  make  tne 
following  conclusions: 

1,  The  magnitude  of  C-potential  increases  with  decrease  of  concentration  of 
electrolyte  from  0,01  n  (Table  2)  to  O.OOi  n  (T.ble  3),  i.e.,  the  dependence  of 
(  on  c  has  a  normal  character. 


Table  1.  Data  of  Parallel  Measurements  of  , 
([-Potential  (Millivolt)  in  0.01  n  HC1 
( Electrophoresis ) 
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Table  2.  Magnitude  of  ^-Potential  According  to  the 
Method  of  Electrophoresis  In  0.01  N  Solutions  of  KC1 
and  HC1 
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Table  3.  Magnitude  of  {-Potential  According  to  the 
Method  of  Flux  Potential  In  0.001  H  Solutions  of  i:il 
and  HC1  (Concentration,  the  Saae  as  In  Table  2) 
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2.  The  values  of  {-potential  In  solutions  of  KC1  and  HC1  differ  little  from 
each  other.  Thus,  the  durability  of  the  bond  of  antlonB  H+  and  K+  with  negatively 
charged  surface  is  o'  one  order,  which  is  characteristics!  for  ionites  of  the 
strong-acid  type. 

3.  In  a  surplus  of  CuSOj,  and  CuClg  positively  charged  powders  are  obtained. 
Till  now  we  did  not  encounter  indications  of  the  exietance  of  copper  FTs  with 

; csitive  charge  in  the  literature. 

4.  The  influence  of  the  copper  salt  anion  is  expressed  s  strongly  that  it 

2+ 

suppresses  the  influence  of  a  surplus  of  the  potential-determining  ion,  Cu 

In  accordance  with  point  A  the  investigated  powders  can  be  divided  into  2 
groups.  Deposits  obtained  from  copper  sulfate  and  chloride  reveal  a  change  In  th> 
sign  of  charge,  in  accordance  with  the  Paneth-Fajans  rule,  whereas  copper  acetat- 
and  nitrate  form  negatively  charged  deposits  with  a  stabile  magnitude  of 
potential,  almost  Independent  of  the  ratio  of  concentrations  of  reacting  ions. 

For  a  check  we  obtained  deposits  at  a  ratio 

gnd  10:1. 

the  {-potential  of  these  powders  remained  negative  and  close  to  the  values  giv  n 
in  Table  5  for  type  BB. 


Dependence  of  magnitudes  ’  and  a  on  concentration 
of  Cu  for  a  powder  obtained  from  CuSO^  (a)  and 
Cu(NO-j) g  (b). 


2+ 

Thus,  excess  Cu  ions  either  are  not  adsorbed  on  these  powders  in  general, 
or  after  adsorption  they  depart  from  the  surface  in  process  of  washing,  drying 
(the  effect  of  02  >  C02)  or  the  influence  of  the  electrolyte.  To  analyte  these 
assumptions  we  conducted  experiments  on  ceasuring  {(-potential  in  solutions  of 

CuCl2. 

For  this  different  portions  of  one  cample  were  processed  (for  several  days' 

by  solutions  of  CuCl2  +  KC1  taken  in  various  ratios,  but  at  identical  total 

oncentration  (i  molar  eqv/liter).  The  data  on  C-potentixi  (flux  potential)  and 

surface  conductivity  in  these  solutions  are  shown  in  the  figure  for  powders  of  th»> 

AA  type  obtained  from  sulfate  (a)  and  nitrate  of  copper  (b).‘ 

An  analysis  of  curves  s-c  shows  that  a  change  of  charge  sign,  and  consequent! 
2+ 

also  of  Cu  ions  adsorption  occurs  for  the  powder  obtained  from  nitrate.  Just  as 
for  the  sulfate.  Thus,  the  difference  of  properties  noted  above  is  apparently 

2-f 

sus«d  by  the  smaller  stability  of  the  Cu  ion  on  surface  of  derciStc  Obtained 
from  nitrate  and  acetate. 


‘Analogous  curves  were  alau  obtained  for  copper  acetate. 


The  character  of  £-c  curves  is  like  curves  obtained  for  typical  ionic  crystals, 
e.g.  ,  BaSOjj  and  AgX  [10]. 

On  curves  of  the  dependence  of  coefficient  of  effectiveness  [11]  on  c  is 
cfeMrvmd  minimum  in  region  of  the  isoelectrical  point.  Por  powders  obtained  from 
Cu(N0^)2  the  surface  conductivity  k#  «  (a  -  i)xy  disappears  completely  at  this 
point  (a  »  1,  »  0)  analogous  to  that  revealed  in  experiments  with  adsorption  of 

organic  ions  [12].  However,  for  powders  obtained  from  CuSO^  the  surface 
conductivity  does  not  disappear  (a  >1).  Apparently,  this  testifies  to 
heterogeneity  of  the  powder;  in  other  words,  at  the  isoeiectrlcal  point  part  of 
the  particles  (or  sections  of  the  surface)  possesses  negative  ^-potential  and  part 
positive,  and  only  the  total  effect  gives  C  ■  0.  Thus,  the  data  on  surface 
conductivity  are  also  revealed  influence  of  production  conditions  on  the  properties 
of  FTt. 

The  conducted  investigation  shows  that  the  influence  of  an  anior.  of  the  Initial 
copper  salt  is  not  limited  by  the  degree  of  dispersiveness  or  structure  of  the 

2+ 

deposit,  but  changes  the  nature  of  surface  layer,  since  powders  obtained  in  p.  Cu 
surplus  (types  B  and  BB)  are  distinguished  not  only  in  magnitude,  but  also  in 
sign  of  ? -potential. 


Conclusions 

1.  Copper  ferrocyanide  powders  obtained  in  KjjFeCCN)^]  surplus  are  negatively 
charged  in  solutions  of  KC1  and  HC1. 

The  charge  of  powders  obtained  in  a  Cu*"  surplus  depends  on  the  anion  of 
the  initial  copper  salt.  From  CuSOj,  and  CuCl2  positively,  and  from  Cu(S0^)2  and 
Cu(CHjCOO)  negatively  charged  powders  a-e  obtained. 

}.  Its  solutions  of  CuClg  all  the  powders  studied  are  charged  positively. 

1.  Surface  conductivity  attains  a  sd.nimum  at  the  isoeiectrlcal  point. 
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SEPARATING  AND  IDENTIFYING  REACTION  PRODUCTS  OF  DEEP  SPLITTING 
OF  GERMANIUM  BY  FAST  PROTONS1 

A.  N.  Murin,  S.  B.  Tomilov,  and  I.  A.  Yutlandov 

One  of  the  basic  peculiarities  of  the  reaction  of  deep  splitting  is  wide 
distribution  of  products  in  A  and  2.  Therefore,  in  an  Investigation  of  similar 
processes  one  encounters  very  complicated  mixed  radio  elenjents.  Ab  a  rule,  several 
radioactive  isotopes  will  be  formed  for  each  element,  which  substantically  hampers 
their  identification  and  control  of  radiochemical  clearness. 

In  most  published  works  to  separate  the  reaction  products  of  deep  splitting 
the  method  of  isotopic  carriers  was  used;  Its  only  condition  of  applicability  is 
the  presence  of  full  and  sufficiently  fast  exchange  of  the  isotopic  carrier  between 
radioactive  atoms  and  stable  atoms.  A  deficiency  of  this  method  is  the  duration 
and  presence  of  great  quantities  of  carriers. 

To  separate  the  reaction  products  of  deep  splitting  of  germanium  we  applied 
the  method  of  Ion-exchange  chromatography.  This  method  is  sufficiently  fast  end 
a!  r.  -  us  to  obtain  carrier-free  radioactive  preparations,  which  In  a  numl 
e a  is  very  significant.  We  separate  radioactive  isotopes  of  following  elements: 

As,  Ga,  Zm,  Cu,  Ni,  Co,  Fe,  Mn,  Cr,  V,  Ti,  Sc,  and  X. 

Ion-exchange  separation  of  certain  combinations  of  groups  of  elements  of 
interest  to  us  Is  described  In  works  [1-10].  The  chromatographic  columns  and 
technology  of  separation  we  used  do  not  differ  from  those  offered  by  B.  K. 
Preobrazhenskiy  to  separate  carrier-free  radioactive  elements  [8], 

1Work  we.b  accomplished  In  1959. 


Experimental  Part 


A  target  8x8x1  ssra^  was  prepared  from  metallic  germanium  of  brand  ["GD'1] 
Crjf).  Irradiation  waa  produced  on  an  internal  bundle  of  a  [OIYal]  (Oi/iflM) 

Joint  Institute  for  Huclear  Research  synchrocyclotron  by  protons  with  energy  of 
660  Mev  fcr  15-30  minutes.  Separation  of  the  products  of  splitting  germanium  was 
executed  on  Dowex-1  x  10-12  anionite  (or  [AV-17]  (AB-17))  and  Dowex-50  x  8  cationite 
(or  [KU-2]  (Ky-2)).  The  dimensions  of  resin  grains  is  ~10  u.  The  columns  had 

O 

a  cross  section  of  0.04  cm  and  height  of  ream  pole  of  6-9  cm.  The  free  volume 
of  the  column  was  drops.  The  eluant  waa  distilled  hydrochloric  acid  of 
different  concentration,  passed  through  the  column  with  a  speed  of  approximately  one 
drop  per  minute.  The  drops  gathered  on  the  polyethylene  bases  and  were  dried, 
after  which  their  activity  was  measured. 

Separation  was  conducted  in  the  following  way.  The  irradiated  target  was 
dissolved  in  aqua  regia.  Quadruple  distillation  by  boiling  the  solution  with 
concentrated  hydrochloric  acid  ensured  full  distillation  of  germanium  tetrachloride 
[11-15].  The  fullness  of  distillation  was  controlled  by  a  colored  reaction  with 
phenyl  fluorone  [16] .  The  germanium  tetrachloride  was  gathered  in  ice  water.  The 
acidity  of  the  obtained  solution  was  brought  to  6  JJ.  on  HgSO^,  after  which  germanium 
was  precipitated  in  the  form  of  a  sulfide  by  hydrogen  sulfide. 

In  experiments,  which  yielded  arsenic  during  distillation  of  germanium 
tetrachloride  a  small  concentration  of  HNOj  was  supported  in  the  solution  to  hold 
the  arsenic  in  a  pentavalent  state.  Presence  of  nitric  acid  in  the  solution  does 
not  affect  the  quality  of  separation.  After  distilling  the  germanium  tetrachoride 
the  solution  was  steamed  to  minimum  volume,  cooled,  saturated  by  gaseous  hydrogen 
chloride  and  applied  on  column  with  anionite  in  the  Cl  form.  The  walls  of  the 
column  were  washed  several  times  with  concentrated  HC1,  after  which  elutriatlon 
with  hydrochloric  acid,  whose  concentration  was  changed  in  process  of  separation 
as  shown  on  diagram  1,  started.  As  can  be  seen  from  the  diagram,  during  the  first 
transmission  of  Initial  mixture  through  anionite  fractions  of  Ti,  Co,  Cu,  and  Zn 
quantitatively  separate. 

For  good  separation  of  Cu  and  Co  it  is  necessary  to  apply  column  not  less  than 
u  cm  long.  The  groups  of  elements,  Cr,  Nl,  V,  and  K  and  Mn,  Sc,  and  As  emerge  from 
tnt  column  at  12  H  HC1  in  pairs,  not  quite  clearly  divided,  with  peaKs.  The 
activity  of  intermediate  drops  is  caused  by  isotopes  of  vanadium.  Therefore  it  is 


Diagram  1 


Diagram  2 
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necessary  to  purify  the  group  of  elements  Mn,  Sc  and  As  from  impurities  cf  V  by 
repeated  transmission  through  anionite  in  the  same  conditions.  Separation  of  Cr, 
Hi#  V,  and  K  was  produced  on  cationite.  For  this  the  gathered  drops  were  steamed, 
dissolved  in  two  drops  of  1  N  HC1  and  applied  on  column  with  Dowex-50.  Further 
there  are  two  possible  variants  of  separation:  a)  during  transmission  through 
the  coluito  of  1  N  HC1  chromium  emerges  already  in  the  first  free  volume.  After 
transmission  of  10  free  volumes  of  1  N  HC1  the  concentration  of  the  acid  was 
increased  to  1.5  N.  With  this  V  and  K  quantitatively  were  separated  from  Ni  not 
separated  from  each  other;  b)  if  elutriation  is  started  with  1.5  H  HC1,  Cr  and  V 
manage  to  quantitatively  divide.  The  separation  of  Ni  and  K,  although  not  fully 
quantitative,  can  be  carried  out  on  cationite  with  the  help  of  4  N  HC1.  The 
activity  of  the  intermediate  drops  in  this  case  is  caused  by  isotopes  of  Ni. 
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Pe  and  Ga,  outgoing  from  anionite  in  one  peak,  can  be  quantitatively  sepurVtd 
ir.to  cationite  with  the  help  of  f.5  N  HC1.  Mn,  Sc  and  As  are  divided  into  anionite 


During  elutrtation  with  8  N  uCl  no*  fully 
quantitative  separation  of  i,c  from  Mn  and  As  occurs. 
Mn  and  As  are  quantitative*/  separated  with  the 
help  of  6.5  N  HC1. 

To  identify  the  separated  isotopes  and  check 
their  radiochemical  cleanness  their  half-life 
was  measured  on  a  [B-:"1]  (B-2)  instrument  supplied 
with  an  end-window  counter  of  the  [MST-17]  (MCT-17) 
type  and  their  > -spectra  were  measured  on  a 
scintillation  ^-spectrometer  with  a  Nal  (Tl) 
crystal  and  [AMA-3s]  (AllA  -3c )  multichannel 
analyzer.  The  half-life  was  determined  in  this  case  ty  the  decrease  in  intensity 
of  characteristic  ->-lines.  However,  the  complexity  of  isotope  composition  of 
separated  fractions  frequently  made  deciphering  the  >-spectra  very  difficult. 

To  avoid  possible  errors,  on  the  basis  [1?.,  i3»  14,  17-31]  a  diagram  of  separating 
the  products  of  splitting  germanium  by  the  method  of  isotopic  carriers  (see 
diagram  21)  was  developed.  The  coincidence  of  y-spectra  of  fractions  of  one  and 
the  same  element  separated  by  two  different  methods  and  simultaneous  coincidence 
of  the  obtained  data  with  tabular  are  convincing  proof  of  the  radiochemical 
cleanness  of  preparations.  The  table  gives  the  isotopes  identified  by  us.  All 
preparations,  except  for  chromatographlcaiiy  separated  Pe  containing  an  unidentifieu 
impurity,  were  radiochemlcally  pure.  In  the  >-spectrvm  of  Zn  fractions  (separated 
by  both  the  method  of  isotopic  carriers  and  also  chromatographic ally)  a 
previously  unknown  t-line  was  revealed  with  energy  of  145  kev  (figure) 
disintegrating  with  half-life  of  ~49  hours,  which  was  ascribed  by  us  to  the 
Isotope. 

In  conclusion  authors  express  their  deep  gratitude  to  V.  N.  Pokrovskiy  and  1. 

Yu.  Levenberg,  with  whose  direct  participation  the  -y-spectrometric  part  of  the 
work  was  accomplished. 


Conclusions 

1.  From  a  germanium  target  irradiated  by  protons  with  energy  of  660  Mev 


fractions  of  As,  Sc  and  K  did  not  separate  and  were  not  Investigated  by  this 
method . 
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we  separated  13  fractions  of  elements.  In  which  34  radioactive  isotopes  w«re 

Identified  (see  table). 

2.  A  diagram  of  separation  of  these  elements  by  the  method  of  ion-exchange 

chromatography  was  developed. 

72 

3.  In  the  -y-spectrum  of  Zn'  a  new  >-llne  was  revealed  with  energy  of  145  kev 
(see  table  and  figure). 


A§dmmtm  taf«st  was  irradiated  with  600  Mn  yrotem.  Tba  spat- 
tadsaamdacte  wan  sspented  by  kM -exchange  chromatographic  mcthoda. 
UiaMcaitea  of  iastepat  sad  chock  of  radiochtwlcai  purity  of  aspirated 
tessMsas  vaa  canted  oaf  by  means  of  a  gaaaaa-seacteoairtar.  A!45  has 
ylteahaadoaltetea afar wacttea was aacribod  toZrf*.  [amio  nam) 
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THERMODYNAMIC  INVESTIGATION  Q¥  SOLID  SOLUTIONS  IN  A 
NaCI  -  KC1  -  CdCl2  SYSTEM  AT  TEMPERATURES 

OP  5*0,  580,  623°C 


M.  M.  Shul'ts  and  I.  M.  Bushueva 
III.  Thermodynamic  Properties  of  Solid  Solutions1 


In  the  system  we  Investigated  aa  shown  In  (1},  three -component  solid  solutions, 
NaCl  —  KC1  —  CdClg  are  formed;  at  a  temperature  ~6QO°C  they  endure  stratification, 
forming  two  fields  of  crystallization  of  solid  solutions:  a  and  3  (see  Fig.  1  of 


rig.  1.  Diagram  of  soliduses  and  fields  of 
crystallization  of  solid  solutions.  LbL'  is 
the  length  of  llquldus  curve  at  5*0°C;  K'  Is 
the  critical  temperature  of  stratification 
of  triple  solid  solutions  '~^00°C};  K  is  the 
critical  temperature  of  binary  solid  solutions 
,r>02wC);  i  are  blnodals  of  two-phase 
equilibrium  of  solid  solutions;  2  Is  the 
critics!  curve. 


this  article). 

The  aim  of  this  work  Is  to 
obtain  the  thermodynamic 
characteristics  of  these  solid 
solutions  in  the  temperature 
interval  of  5*0-623°C  (l.e., 
lower  and  higher  than  the 
critical  temperature  of 
stratification).  To  solve  this 
problem  we  used  the  method  of 
the  third  component  {2],  proposing 
not  a  direct  study  of  solid 
solutions,  but  an  isothermal 


equilibrium  analysis:  melt  -  soli<*  solution.  On  the  basis  of  experimentally 


*1  and  II  were  published  In  the  Herald  of  LGU,  No.  22.  1963. 


Obtained  compositions  of  equilibrium  phases  and  activity  of  one  of  the  components 
in  the  melt  (third  component,  in  given  system,  CdClg)  we  calculated  the  activity 
of  component*  of  solid  solutions.  All  experimental  results  necessary  for  calculation 
by  this  methods  are  given  in  our  preceding  works  [i,  2].  Because  of  the  specific 
character  of  the  applied  method  we  could  obtain  data  only  for  solid  solutions  whose 
composition  corresponds  to  Isotherms  of  the  surface  of  solidus  line.  Isotherms 
of  aolidus  line  are  represented  in  Fig.  i;  curves  (5^0°),  Sg  -  S2  (580°), 

£,  —  3-j  (623  ).  Before  discussing  the  thermodynamic  properties  of  solid  solutions 
it  is  expedient  to  describe  certain  peculiarities  of  the  slope  of  curves  of 
aolidus  line.  Aa  can  be  noted,  all  investigated  solid  solutions  contain  comparltively 
little  cadmium  chloride  (^  molar  %);  therefore  the  solidus  lines  incline  to  the 
HaCl  —  KC1  side.  The  maximum  content  of  cadmium  chloride  was  apportioned  to 
HaCl  -  CdClg  solid  solutions,  l.e.,  the  ends  of  the  curves  of  solidus  line  rise  toward 
NaCi  -  CdClg  (points  S2  and  correspond  to  3.2;  2.6;  2.3  molar  %  of  CdClg 
respectively).  All  curves  are  curved  towards  HaCl  —  KC1;  l.e.,  the  molar  share  of 
CdCl2  on  them  passes  through  a  minimum  (points  m^,  m^,  and  m^).  At  5'*0  and  5tk)°  a 

I 

break  in  sdeciblllty  of  components  of  solid  solutions  is  observed  (sections 
a2  -  a^  on  curves  8t  -  S^,  Sg  -  Sg  respectively).  It  it  necessary  to  indicate  that 
the  break  in  miscibility  of  components  of  triple  solid  solutions,  in  spite  of  the 
minute  content  of  CdClg  in  theee  solutions,  is  observed  considerably  higher  than  for 
binary  solid  solutions  of  HsCl  -  KC1.  For  triple  solid  solutions  the  critical 
temperature  is  ~600°C;  for  binary  it  Is  502°C  [9]. 

Thus,  upon  Introduction  of  comparatively  small  additions  of  CdClg  in  solid 
solutions  of  HaCl  -  KCi  the  temperature  of  the  start  of  disintegration  of  solid 
solutions  is  increased  by  approximately  100°C,  which  can  testify  to  a  considerable 
change  ir.  the  thermodynamic  properties  during  formation  of  three -component 
solutions.  This  is  confirmed  by  the  thermodynamic  data  given  below. 

The  activities  of  components  of  solid  solutions  were  calculated  according  to 


he  following  formulas: 


where  x^K'  are  molir  shares;  is  activity  of  components  (sub  i  designates: 

1  -  NaCI;  2  -  KC1;  ?  -  CJC12;  super  (k)  marks  the  phase;  1  -  solid  solution;  2  - 
melt ) . 

In  calculating  the  activities  of  components  of  solid  solutions,  and  also  other 
thermodynamic  functions  as  standard  (or  initial)  states  pure  solid 

substances  of  NaCI,  KC1  and  CdClg  were  accepted  at  temperatures  of  5kQ,  5&Q  and 
C25°C.  Equations  (1)  and  (2)  were  integrated  from  values  of  variables  for  biliary 
systems  of  NaCI  -  CdCl2  (during  calculation  of  a|,k/)  or  KC1  —  CdClg  (for  calculation 
of  to  values  of  variables  corresponding  to  a  three 'Component  system.  In 

equations  (1)  and  (2)  on  the  ^eft  in  the  denominator  the  asterisks  designate 
activity  of  NaCI  (aj1^*)  and  KC1  (a^*)  relative  to  the  solid  phases,  which  are  in 
equilibrium  with  binary  melt  NaCI  -  CdClg  and  KC1  —  CdCl2.  However,  from  binary 
saturated  melts  NaCI  -  CdClg  and  KC1  -  CdClg  not  their  pure  components  NaCI  and  KC1, 
but  their  solid  solutions  with  CdCl^  including  comparatively  small  quantities  of  the 
latter,  crystallize.  Therefore  in  calculating  the  activities  a^1^*  and  a^1^*  could 
not  be  equated  to  unity  as  in  other  cases  of  application  of  the  method  of  the  third 
component  [4,  5],  but  with  sufficient  accuracy  could  be  accepted  by  equal  to  molar 
shares  of  NaCI  and  KC1  in  the  appropriate  binary  solid  solutions,  being  in 
equilibrium  with  binary  melts  (af  • Jf'  and  .  With  the  above -indicated 

selection  or  the  standard  state,  pure  solid  substances,  further  thermodynamic 
calculation  for  components  NaC*  and  KC1  did  not  cauie  difficulties,  since  at  the 
shown  test  temperatures  these  substances  are  solids.  Calculating  the  activities 
of  CdCl^  with  analogous  selection  of  standard  state  was  rather  difficult,  since 
at  the  test  temperatures  of  580  and  623°C  this  component  is  liquid 
(tn„  CdCl^  -  5t>8°r').  At  a  temperature  of  5**0°C,  lying  lower  than  temperature  of 
f  ..slews  of  cadmium  chloride  cadmium.  It  Is  possible  to  directly  take  as  the  standard 
slut*1  for  CdClp  pure  solid  CdClg  for  both  the  liquid  and  also  the  solid  solution, 
lr.  tnls  case  according  to  the  obtained  values  of  enf  of  the  element 

C*imw3-ro-caa,ia,  <cj 

*.r>  activity  of  CdCi^  in  liquid  and  solid  phases  can  be  calculated  by  the  equation 

(3) 

-r.ere  Is  the  emf  of  the  element  containing  a  melt  as  electrolyte  ir  equilibrium 
witr  pure  solid  cadmium  chloride;  F  pertains  to  any  melt  including  the  melt  In 


equilibrium  with  the  solid  solution  [5].  At  temperatures  of  58O  and  62 3°C  EQ  in 
equation  (5)  pertains  to  pure  liquid  CdClgJ  therefore  at  these  temperatures  a 
correction  was  introduced  in  values  of  CdCl2  activity  to  obtain  data  pertaining  to 
the  selected  st&ndftrd  state,  solid  CdClg  at  580°  and  625°  (hypothetical  state). 
This  correction,  which  was  considered  as  the  difference  of  chemical  potentials  of 
so1 id  and  liquid  CdClg  at  the  appropriate  temperatures,  was  calculated  by  the 
equation 


•f-T 


~TfT 


where  AS  is  the  difference  of  entropy  of  CdClg  in  liquid  and  Bolid  states,  which 
does  not  very  sharply  change  with  temperature,  therefore  we  took  it?  constant 
and  equal  value,  corresponding  to  the  temperature  of  fusion  [6] 


With  this  approximation  the  correction  at  temperatures  of  580  and  623°C  is 
-7 6  arid  -347  cal  respectively. 

The  values  of  activities  calculated  by  formulas  (l)-(4)  and  corresponding 

coefficients  of  activities  for  different  temperatures  are  represented 

in  Tables  1  (640°C)j  2  (580°C);  3  (623°C)  and  the  activities  of  all  three 

components  ar.  a  function  of  the  composition  of  the  s^lid  solution  are 

shown  in  Fig.  2.  The  components  NaCl  and  KC],  as  can  be  seen  on  the  figure,  reveal 
positive  deflections  from  the  ideal  at  all  temperatures.  On  the  activity  curves 
at  340  and  580°  regions  of  break  in  miscibility  of  components  of  solid  solutions 
(dotted  lines)  are  visible.  At  623°C  the  activity  curves  of  all  components  have 
a  ontlnuous  slope,  but  reveal  an  evident  tendency  to  form  a  horizontal  site, 
corresponding  to  an  approach  to  the  critical  state.  In  general,  for  a  three- 
component  system  the  appearance  of  horizontal  tangent  to  the  activity  curve  of  a 
g'.ven  component  at  approach  to  the  critical  point  is  observed  in  the  section 
coi responding  to  a  constant  ratio  of  molar  fractions  of  the  other  two  components 
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Fig.  2.  Dependence  of  activities  of 
NaCl  (a^).  KC1  ,  and 

CdClgla^)  on  composition  of  solid 

solutions  and  temperature.  1  —  5^0, 
2  -  SCO,  5  -  o2?°C. 


for  KaCl  and  KC1  respectively.  We 
considered  the  slope  of  activity  curves 
according  to  isotherms  of  solidus  line. 
However,  they  do  not  deviate  very 
strongly  from  the  corresponding  secant. 

It  is  interesting  to  note  the  certain 
peculiarities  of  the  dependence  of  activity 
of  NaCi  on  composition.  On  the  activity 
curves  of  sodium  chloride  at  all 
temperatures  an  extremum  (swing)  is 

jf»  *v> 

observed  when  >  i.e.,  the 

composition  of  the  solid  phase  correspor  is 
to  a  node  which  coincides  with  the  secant 
outgoing  from  summit  of  NaCl  [2].  On 
activity  curves  of  CdCl^  at  623°C  there 
is  an  extremum  corresponding  to  a  minimum 

4*»  A" 

of  CdClg  activity,  when  -^r,  =  .  The 

insignificant  increase  of  NaCl  activity 
observed  in  the  region  of  smaLl  addition;, 
of  KOI  car  be  explained  by  the  follov.j i 
With  increase  of  KC1  concentration  ir  tin 
solid  solutions  the  0dClo  decreases  (at 
comparatively  small  change  of  NaCl 


concentration),  as  can  be  seen  from  the  slope  of  the  solidus  in  the  correspond ; . . 

region  of  the  composition  (see  Fig.  1).  We  can  assume  that  in  structure  of  ■;  ii i 

+  2+ 

solution  first  of  all  K  ions  replace  Cd  ions;  with  this  tin  eoncentr  at  i.ot.  o- 
defects  in  cation  lattice  points  should  decrease.  This  probably  leads  to  ci  rt,'ii. 
weaKi-nint  of  the  bond  of  Na+  ions  in  the  structure  and  to  a  corn  a  ponding  iner-  s. 
ot  NaCl  activity.  Actually,  With  decrease  of  concentration  of  defects  the 

shielding  of  charge  of  Na+  ions  by  cation  encirclement  will  be  Increased.  Wh< n  a 

2+  4- 

considerable  part  of  the  Cd  ions  are  replaced  by  K  ions  further  tr>crc-ar.- 


content  in  ’  i.e  solid  phase  is  accompanied  by  a  cor  responding 


concentration  and  a  decrease  ox'  its  activity.  As  can  be  seen  from  Fig.  2,  on  the 
activity  curves  of  KC1  at  5^0  and  580°C  there  are  sections  which,  one  would  think, 
have  to  correspond  to  negative  deflections  from  the  ideal  for  this  component, 
which  could  signify  a  strengthening  of  the  interaction  between  components  in  the 
solid  phase.  However,  this  has  to  affect  the  behavior  of  the  other  component,  NaCl, 
i.e.,  and  for  it  there  should  be  a  region  of  negative  deflection,  which  in  reality 
is  not  observed.  Such  "anomalous  behavior  of  potassium  chloride  most  probably  is 
combined  not  with  an  increase  in  the  strength  of  the  KC1  bond,  but  is  determined 
by  a  very  short  increase  of  NaCl  activity,  which  according  to  the  correlation  of 
activity  by  the  Gibbs-Duhem  equatio:  hould  lead  to  a  sharp  drop  of  activity  for 
KC1  (activity  of  the  third  component,  CdClg,  changes  little  in  this  region). 

For  many  systems  an  increase  of  temperature  leads  to  a  decrease  of  deflections 
from  the  ideal.  In  the  solutions  we  studied  we  observed  the  reverse  regularities} 
an  increase  of  temperature  leads  to  a  considerable  increase  in  the  coefficients  of 
activity,  and  also  in  the  activities.  Analogous  regularities  are  observed  for  e 
whole  series  of  systems;  methyl  alcohol  —  water,  ethyl  alcohol  —  water, 
triethylamine  -  water,  diethylamine  -  water  and  others  [7].  Such  uniqueness  of 
behavior  of  systems  also  affects  other  thermodynamic  magnitudes:  U1< 0.  Tk§*< 0, 
A/f>  TAST*  ,  therefore  A0"*>O  .  We  will  not  discusB  these  thermodynamic  functions 
for  our  investigated  system. 

According  to  the  data  for  activities  of  components  we  calculated  the  change 
of  isobaric  potential  and  excess  values  of  this  function  by  the  equations 


■**  I**!, 


(6) 

(7) 


The  calculated  magnitudes  of  and  are  represented  n  Tables  1,  2,  and  3 

and  the  values  of  at  601. 5°C  are  given  in  Fig.  3.  As  can  be  seen  from  Fig.  ? 

the  curve  of  built  as  a  function  of  composition  of  solid  phase  +  ^0 • 

has  an  assigmetricai  form.  Actually,  Atfi*  grows  faster  with  substitution  of  K* 
ions  for  Na+  ions  in  the  NaCl  grid  and  slower  with  substitution  of  Na+  ions  for 
K+  ions  in  the  KC1  grid,  which  can  probably  be  combined  witn  larger  difficulties 
when  substituting  larger  K+  ions  (1.3?  A)  into  the  grid  of  smaller  Na+  ions  (0,98  X) 
than  when  substituting  smaller  ions  for  larger.  Calculating  the  entropy  (AS)  and 
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Pig.  3.  Dependence  cf  4e***,|  TkSF*.  ut^ 
on  composition  cf  solid  solutions 

(t°  -  601. 5°C).  1  -  i  2  -  AH; 

3  _  iw-. 


enthalpy  (ill)  in  the  formed  solid  solutions 
was  rather  difficult  in  our  case,  since  we 
could  not  carry  the  values  of  A4>  at  various 
temperatu  rs  to  the  same  compositions  of 
solid  solutions.  Therefore  we  found 
approximate  values  for  AS  based  on  calculation 
of  entropy  of  formation  according  to  the 
fell -wing  tc  equation; 


where 


(?) 

(fir) 

and  calculation  cf  magnitudes  by  the  equate 


a//— aa+tas  (9) 

The  calculated  values  of  AS*„AW,*  and  AS.*  at  b01.5°C  (mean  value  of  the  temperature 
Interval,  580-623°C)  ar°  giver,  in  Table  4  ana  .'l  g.  3. 


Table  4 


It  is  necessary  to  note  the  very  complicated  character  of  the  dependence  of 


thermodynamic  functions  or.  composition,  which  significantly  distinguishes  the 


investigation  three -component  solutions  of  NaCl  —  KC1  —  CdClg  from  the  studied 
earlier  binary  solid  solutions  of  NaCl  -  KC1  (in  spite  of  the  comparatively  small 
concentrations  of  CdClg,  up  to  5  molar  %) .  To  compare  the  properties  three- 
component  solid  solutions  with  binary  solutions  of  NaCl  -  KC1  Pig.  4  gives  the 
of  binary  solid  solutions.  It  is  possible  to  note  a  small  scattering  in  the 
magnitudes  of  A//,*  for  NaCl  -  KC1  binary  solid  solutions  for  the  same  compositions 
of  solid  solutions  determined  calorimetrically  by  different  authors  [8,  9#  10], 

This  scattering  is  probably  explained  by  incomplete  homogeneity  of  the  investigated 
samples.  A  deficiency  of  all  works  is  also  the  following;  in  the  shown  works  all 
samples  were  prepared  by  homogenization  and  annealing  of  solid  solutions  at  high 
temperatures  500-600°C  with  their  subsequent  hardening  by  cooling  to  room  temperature. 
Thus,  when  the  vibration  component  of  the  energy  of  formation  of  solid  solutions 
is  25 °C,  the  configurational  component  of  the  energy  is  the  frozen  equilibrium  at 
a  temperature  of  annealing.  This  fact  should  affect  the  magnitude  of  of  solid 

solutions.  The  most  reliable  the  represented  data,  as  it  seems  to  us,  are  the 
data  of  Barret  and  Wallace,  Lister  and  Meyers  [9>  10],  The  works  of  these  authors 
have  great  thoroughness  during  preparation  of  samples  and  fulfillment  of  the 
whole  experiment.  The  results  obtained  by  authors  [9*  10]  pertain  to  binary  solid 
solutions  of  NaCl  -  KC1  which  are  formed  at  6jO°C  with  an  endothermic  effect. 


magnitudes  of  heats  of  formation  obtained  assuming  the  existence  of  a  partially 
ordered  solution  ("local  order").  However,  the  calculated  values  are  higher  than 
entropy  of  an  ideal  solution,  whereas  for  existence  of  local  order  in  solution  there 
have  to  be  negative  deflections  from  the  ideal  (according  to  the  theory  of 
Haeaat Jeroa) .  Such  high  values  of  entropy  of  formation  of  NaCl  -  KC1  solid 
solutions  can  be  a  result  either  of  the  existence  of  a  large  number  of  defects, 
disturbances  In  crystal  lattice  of  solid  solutions  in  comparison  with  clean  salts, 
or  can  be  combined  with  a  change  in  the  vibration  component  of  entropy  during 
formation  of  the  solid  solution.  Comparing  the  data  of  pyonometeric  and  X-ray 
densities  for  these  solid  solutions  showed  that  in  the  studied  solid  solutions 
the  nuaber  of  Schottky  defects  is  very  great  (up  to  1#).  In  theoretical  calculations 
of  entropy  of  formation  of  solid  solution  with  a  grid  having  Schottky  defects, 

Barret  and  Wallace  confirmed  the  assumption  of  these  authors  about  the  presence 
in  investigated  solid  solutions  of  a  large  number  of  Schottky  defects. 

It  is  useful  to  discuss  our  results  being  based  on  certain  general  assumptions. 
As  follows  from  the  diagram  of  the  state  of  the  investigated  system  and  with  even 
greater  deflnltlveness  from  the  data  [1]  and  above  mentioned  dependencies  of 
activities  on  composition  of  solutions,  the  third  component  evokes  stratification 
of  solid  solutions  and  Increases  the  critical  temperature  of  stratification. 

Still  M.  S.  Vrevskiy  [l4J  showed  on  a  series  of  examples  that  this  effect  of  the 
third  component  can  be  connected  with  the  specific  interaction  of  the  introduced 
component  with  one  or  both  components  of  the  binary  solution.  This  position  was 
also  discussed  on  the  basis  of  thermodynamic  consideration  of  the  problem.  In 
particular,  Prigogin  and  Defay,  (<5’  on  the  basis  of  general  positions  of 
thermodynamics  and  the  theory  of  regular  solutions  showed  that  the  third  component 
increases  the  critical  temperature  of  stratification  if  it  is  much  better  dissolved 

in  one  of  the  components  of  the  system  than  in  the  other.  In  this  case  > 

at  comparable  solubility  (®<  0.  They  affirmed  and  illustrated  a  series  of 

examples  of  the  generality  of  this  position.  In  our  investigated  system  the  above- 
indicated  regularities  are  confirmed,  CdClg  will  dissolve  better  NaCl  (x^  *  0.030) 
than  in  KC1  (x^  -  0.007);  an  increase  in  tne  temperature  of  stratification  of  solid 
solutions  is  observed.  In  the  recently  carried  out  work  of  A.  I.  Rusanov  [16]  for 
a  phenol  -  water  system  it  Is  shown  that  upon  introduction  of  a  third  component. 


Isopropyl  alcohol,  more  strongly  interacting  with  water  than  with  phenol,  an  Increase 
of  the  critical  temperature  is  also  observed  with  growth  of  x^.  An  essential  result 
of  this  work  is  the  following;  it  showed  that  with  movement  along  the  critical 
curve  from  lower  temperature  (for  the  binary  system)  to  higher  temperature  (in  the 
tertiary  system)  the  excess  free  energy  of  the  critical  phase  increases  and  the 

derivative  as  in  case  of  our  system  too. 

In  accordance  with  the  general  assumptions  of  the  effect  of  the  third  component 
on  stability  of  binary  solutions  it  is  possible  to  consider  that  introducing 
CdCl2  into  a  NaCl  —  KC1  structure  leads  to  the  establishment  of  "local"  order, 
since  due  to  predominant  interactions  of  CdClg  —  NaCl  and  CdClg  —  KC1  the 
appropriate  quasicomplexes  are  formed  in  the  structure.  (In  this  connection  one 
should  note  that  analogous  compounds  are  formed  in  binary  systems  Cd:Na,  1:2; 

Cd:K,  1:4,  1:1.)  The  establishment  of  local  order  should  lead  to  &  decrease  of 
entropy,  as  was  observed.  However,  apparently,  here  not  only  the  configurational 
component  of  entropy,  but  the  oscillatory  component  play  a  significant  role.  The 
essential  role  of  change  in  the  energy  of  interaction  during  formation  of  triple 
solutions  is  obviously  indicated  by  the  great  exothermic  effect  of  the  formation  of 
solid  solutions,  which,  furthermore,  can  be  connected  with  the  formation  of 
complexes.  Among  the  components  of  Ui*,  are  both  the  component  of  Ml*,  correspondin* 
to  complexes  and  the  AH  of  disintegration  of  binary  solid  solutions. 

Thus,  our  obtained  data,  characterizing  the  thermodynamic  properties  of  three - 
component  solid  solutions  in  comparison  with  data  for  binary  solid  solutions, 
graphically  testify  to  the  considerable  Influence  of  introducing  even  small 
additions  of  a  third  lomponent  (CdCl^)  has  on  the  properties  of  solid  solution. 


The  acttvmee  of  Be  ramponsB  ef  Ok  mM  rMom  NaCl  - 
KCl-CdCl  st  MO.  MO,  MTC  have  hem  demised  by  the  method 
at  the  third  compoiwst.  AB,  *M,  AS  ot  fee  tormeOce  of  fetee  solid  eo- 
twttoas  hm  bees  cstcutslei.  [Mtiw  hmt) 


Literature 

1.  M.  M.  Shul'ts  and  I.  M.  Buthuyeva,  Herald  of  Leningrad  State  University, 

No.  22,  1963. 

2.  A.  V.  Storonkin  and  M.  M.  Shul'ta.  Herald  of  Leningrad  State  University, 
No.  11,  151*.  i960. 


* 


-147- 


3.  I.  M.  Bushuyeva  and  M.  M.  8hul*ts.  Herald  of  Leningrad  State  University, 
Ho.  22,  1963. 

4.  M.  M.  Shul'ts,  A.  V.  Storonkin,  and  T.  P.  Markova.  Journal  of  Physical 
Chemistry,  mil.  No.  11,  2518,  1958. 

5.  A.  P.  Patner  and  L.  L.  Makarov.  Journal  of  Phyaical  Chemistry,  XXXII, 

No.  8,  1809,  1958. 

6.  Reference  book  of  chemistry .  1,  793,  1951. 

7.  N.  I.  Shekhporonov.  Introduction  to  molecular  theory  of  solutions. 
Gcitekhlsdat,  290,  1956. 

8.  M.  S.  Ivankina.  Herald  of  Higher  Eductional  Institutions,  Physics  series, 
Ho.  3,  165,  1958. 

9.  W.  P.  Barrett  and  W.  E.  Wallace.  J.  Amer.  chem.  soc.,  76,  No.  2,  1954. 

10.  M.  W.  Lister  and  N.  P.  Mayers.  J.  Phys.  chem.,  62,  Ho.  2,  145,  1958. 

11.  I.  A.  Waaastjerne.  Soc.  sclent.  Pennica-coanent.  Phys. -math.,  XV,  No. 3, 

19^9. 

12.  V.  Hovl.  Ann.  Acad,  sclent.  Pennies  co«aent.  Phys -math. ,  XV,  No.  12, 

1950. 

13.  •.  S.  Durham  and  J.  A.  Hawkins.  J.  Chem.  phys.,  19,  149,  1951. 

14.  M.  S.  Vrevskiy.  Works  on  the  theory  of  solutions.  Press  of  the  Academy 
of  Sciences  of  USSR,  60-61,  1953. 

15.  I.  Prlgogin  und  Defay.  Chem.  Thermodyn.  Leipzig,  5»  280,  1962. 

16.  A.  I.  Rusanov.  Herald  of  Leningrad  State  University,  No.  16,  99,  1958. 


Submitted 
26  June  1963 


-14C- 


AMPEROMETRIC  TITRATING  CERTAIN  CATIONS  BY  TRILON  B  WITH 
REVOLVING  MICROPLATINUH  ELECTRODES 

L.  S.  Reyshakhrit,  M.  P.  Pustoshfcina,  and 
Z.  I.  Tikhonova 

In  polarography  and  amperooetrlc  titrating  in  recent  years  a  new  class  of 
complex  formers,  known  under  the  name  of  complexones,  has  found  application  [1J. 
Applying  complexones.  In  particular  trilon  B,  in  aaperometric  titrating  uses 
a  revolving  microelectrode  [1,  2,  }]. 

This  work  attempts,  using  trilon  B  as  a  reagent,  to  conduct  amperometrlc 
titratings  with  revolving  mieroplatinua  electrode  of  Sr2+,  Ca2+,  Mg2+,  Cu2+,  and 
Ni*"+  salts  and  also  molybdates,  tungster.ates  and  chromates. 

Methoa.  Measurements  were  conducted  on  the  usual  polarographlc  installation 
with  revolving  mlcroplatlnum  anode  at  given  values  of  electrode  potential  and 
temperature.  All  readings  of  current  and  electrode  potential  were  conducted 
visually.  Current  was  fixed  by  a  galvanometer  vita  accuracy  of  J0.J1  microamperes; 
potential  difference  was  fixed  by  a  voltmeter  with  accuracy  of  :2  millivolt t ,  thi 
speed  of  rotation  of  electrode  was  measured  by  a  tachometer.  All  values  of 
pc  t-  r.tiais  relate  to  a  calomel  electrode  with  saturated  solution  of  KCi  at  20LC. 

The  electrolytic  cell  was  open  with  capacity  of  150  ml.  Electrodes  were  of  two 
forms ;  a  t  platinum  wire  *  an  long  soldered  in  a  glass  tube;  b'  a  platinum  disk 
wi'h  -ires  of  0.1*  csc  soldered  in  a  glass  tube, 

Results  of  experiments  and  their  dlacusalcn.  In  using  trilon  ?  as  a  reagent 
it  «as  necessary  to  preliminarily  remov**  polarization  curves  of  anodic  oxidation, 
c  f  trilon  r  on  a  revolving  disk  ->r i  mi'*rnpiatlr.uK  anodes  in  surplus  of  inert 


Fig.  1.  Polarization 
curves  of  oxidation  of 
trllon  B  on  a  revolving 
cite trod*.  Background, 

i.o  a  rao^j  t  -  25*Vj « 

a  •  880  ran.  1  -  5*10"^j 

?  -  1*10*';  3  -  1.5*10"*; 

*  -  2*10"*  g*mols/liter  of 
trllon  B. 


electrolytes  (a)  0.1  H  IIH4H05  +  NH^OH  pH  of  the 
solution  8.2-10;  bl  1  N  KNOy  pH  of  the  solution 
*•$.7;  c)  1  II  KBOj  +  BC1,  pH  of  the  solution  k-5) 
at  different  speeds  of  electrode  rotation  and  different 
concentrations  of  trllon  B.  On  the  basis  of  the 
obtained  experimental  data  it  was  established  **  t 
trllon  B,  oxidising  on  the  platinua  electrode,  gives 
polarisation  curves  with  a  clearly  expressed  region 
of  Halting  current,  which  starts  at  potential  of 
0.7  v  in  a  solution  of  1  W  KHO^  and  at  0.85  v  in  an 
ammonium  background  (Fig.  1).  Obtaining  of  well 
reproducible  polarisation  curves  with  clear  site  of 


Halting  current  is  attained  only  upon  heat  treataent  of  the  electrode  in  flame  of 
a  burner  before  every  experiment.  V.  L.  Xuoueyev  ana  F.  P.  Kvashina  [3], 
measuring  polarisation  curves  of  trllon  B  in  approximate ly  the  saae  conditions,  did 
not  obtain  clear  Halting  currents  on  polarization  curves.  Apparently,  before 
carrying  out  the  experiment  they  insufficiently  thoroughly  purified  the  electrode 


rua 

, 


Fig.  2.  Dependence  of 
Halting  current  on 


o*»ole/iiter;  t  •  25  C, 
background  -  1.0  S  !CK0^. 


surface. 

Proa  Pig.  2  it  follows  that  the  magnitude  of 
Halting  current  is  directly  proportional  to  the  square 
root  of  the  speed  of  rotation  of  the  disk  electrode. 

This  allows  us  to  consider  that  for  a  rate  of  the 
process  of  anodic  oxidation  of  trllon  8  It  la  possible 
to  apply  V.  0.  Lsvich’s  equation  of  convection  diffusion 
for  a  revolving  disk  electrode  [k].  The  obtainca 
expcriaental  data  (Figs.  1  and  2}  allow  us  tc  make 
the  conclusion  that  the  rate  of  anodic  oxidation  of 


trllon  B  is  limited  by  Its  diffusion  to  the  electrode  at  potentials  larger  than 

♦  >.?  the  observed  linear  dependence  between  trllon  B  concentration  ir.  the 
solution  and  1»1  ting  current  in  the  Interval  of  potential*  fro*  +0.7  to  +0.95  v 
,?!<§.  allows  us  to  apply  trllon  B  as  a  reagent  in  aaperometric  titrating. 

The  titrating  cf  certain  Ion*  ty  trllon  B  in  three  inert  electrolytes 

•  as  accomplished : 

a)  or.  a  fc  .rkground  of  C.l  M  IH^SC,  (pH  of  the  solution,  6.2-10' 


at  electrode 


Fig.  3.  Dependence 
of  limiting  current  on 
trllon  B  conctration. 
Background  -IN  KNO ^ ; 

t  *  25°C;  m  *  880  rpm; 
v. 


Fig.  4.  Curve  of 
aaperoaetrlc 
titrating  of  a 
solutin  by  trilon 
B.  Background  - 
0.2  N  KNO-j;  wu  v; 

1  ml  0.01  N  NiSOjj ; 

trilon  B  0.01  m; 
t  -  20°C. 


potential  of  +0.84  v;  the  speed 
of  its  rotation  was  equal  to  700 
rpm  and  t  was  20°C;  the  cations 
were  Sr2+,  Ca2+,  and  Mg2+; 

b)  on  a  background  of 
0.2  N  KMOj  (pH  of  the  solution 
~5.7)  at  electrode  potential  of 
+O.85  v;  the  speed  of  its 
rotation  was  880  rpm  and  t  was 
20°C,  the  cations  were  Cuct,  m2+, 
WO2',  and  Cr0^“. 


c)  a  solution  of  Hy[ P(Mo20^)^]  on  a  background  of  0.2  N  KNO^  +  HC1  (pH  of 
the  solution,  4-h)  at  electrode  potential  of  fO.85  v  and  temperature  of  35-40°C. 


Table  1.  Amperoetric  Titrating  of  a  Sr(N03)2  Solution 
by  Trllon  B 
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-Table  2.  Amperoetric  Tiratlng  o*'  CuSO^  end  NISO^ 
Solutions  by  Trilon  3 
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The  form  of  curves  of  amperometric  titrating  is  depicted  x:i  Fig.  4. 
Satisfactory  results  were  obtained  during  amperometric  titrating  of  Src  , 

Cu^+,  ivi“'+f  and  Mo^+  salts.  The  results  of  experiments  are  given  in  Tables  1,  2, 
and  3  where  the  mean  values  from  3-5  determinations  ure  given.  Amperometric 
determination  does  not  yield  in  accuracy  to  the  data  of  A.  I.  Busev  and  Chzhan  Fan1 
[5] ,  developed  for  amperometric  titrating  of  Mo^*  with  a  mercury  drop  electrode. 

As  can  be  seen  from  the  tabular  data  the  error  in  the  determination  is  from  1* 
to  17*. 

The  data  ~n  amperometric  titrating  of  Mg  ,  Ca  ,  WOjj  ,  and  CrO^“  salts  did 
not  give  satisfactory  result*  and  require  an  additional  thorough  check. 

Conclusions 

1 .  It  was  determined  that  oxidation  of  trilon  B  on  a  revolving  smooth 

;  latinum  anode  in  sola' ions  of  0.1  N  NH^NO-  +  NHif0H  (pH  8  >10}  and  1  N  KNO^ 

(pH  ~5.7)  is  limited  by  diffusion  at  electrode  potentials  more  positive  than  +0.7  v 
and  +0.85  v  respectively. 

2.  Is  shown  the  possiblity  of  carrying  out  amperometric  titrating  with  a 
micreruatinum  anc  ’.e  of  Sr  (N0-j)2  solutions  on  a  background  of  0.1  N  NH^NO^  +  NHj.011 
and  CuSOj^,  NiSO^,  H^[ P(Mo20^ )^]  on  a  background  of  0.2  N  KNO^  with  application 

of  trilon  B  as  tr.e  reagent. 

In  conclusion  we  express  gratitude  to  Ya.  V.  Durdin  for  valuable  council  and 
indications. 

h*  lav* _ *-tfon  of  the  oxidation  process  of  try  lone  B  has  been  carried 

out  oa  rotating  ptatiaua  arptfer  In  solutions  of  0,1  n  NH,NOt  +  NH.OK 
(pH  8.3-  10.0)  end  I  a  KNh.  at  206  C,  The  oxidation  rate 

la  «— <<  by  diffusion  at  ,<  ^caUtis  more  pt^'tive.  than  +  0,7  v 

and  +0.85  v  respectively. 

Demonstrated  Is  tbe  possibility  of  ssperometrlc  titration  with  a  mlC' 
imistinum  rotating  electrode  of  SrfNOJ,  solutions  sgstnst  0,1  n  NH.NO.+ 

+  NH«OH  and  taose  of  CuSO«.  NISO.,  H,!P(MoiOT),|  -against  0,2 n 
KNO(  with  the  contents  of  Sr.  Cu,  Nl  and  Mo  from  0,25  to  70  mg 
nafaf  try  lose  B»  hk  ryl 
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OXIDATION  RATE  OF  COPPER  DURING  BRIEF  HEATING  TO 
HIGH  TEMPERATURES 

V.  I.  Tikhomirov  and  E.  I.  Korytkova 

In  studying  the  oxidation  rate  of  metals  and  alloys  one  usually  conducts 
experiments  in  isothermal  conditions,  controlling  the  weight  gain  of  samples  or 
growth  of  thickness  of  oxide  layers.  On  the  basis  of  the  obtained  data  one  can 
determine  the  character  of  the  time  dependence  and  magnitude  of  the  oxidation  rate 
constant.  By  conducting  a  series  of  experiments  at  different  temperatures,  one 
can  determine  the  dependence  of  the  constant  of  the  reaction  rate  on  temperature. 
The  duration  of  heating  In  isothermal  conditions  is  selected  sufficiently  great, 
so  that  the  period  of  temperature  rise  and  cooling  does  not  essentially  affect  the 
experimental  results.  However,  such  a  method  does  make  it  possible  to  study  the 
initial  period  of  oxidation,  occurring  in  conditions  of  increased  temperature. 
Furthermore,  this  method  is  also  not  suitable  for  the  study  of  oxidation  kinetics 
during  brief  heating  to  high  temperatures.  Placing  before  ourselves  the  goal  of 
investigating  the  oxidation  rate  of  metals  during  brief  heating  to  high  temperatur 
we  developed  a  method  of  determining  the  basic  kinetic  parameters  according  to 
experiments  on  oxidation  in  conditions  of  variable  temperature. 

It  is  known  that  oxidation  of  metals  and  alloys  usually  follows  either  a 
logarithmic  law,  observed  mainly  during  oxidation  at  comparatively  low  temperature 
or  a  linear  or  parabolic  law.  Significantly  less  often  a  more  complicated 
dependence  of  oxidation  rate  or:  duration  of  oxidation  Is  observed. 

The  linear  or  parabolic  law  of  oxidation  can  be  presented  in  the  form  of 


following  equation: 


'JfU*. 


(1) 


p 

where  q  is  the  quantity  of  orygen,  reacting  with  metal  calculated  on  1  cm  of 
sample  surface;  t  is  the  time;  n  is  the  exponent,  equal  to  one  for  a  linear  dependence 
and  two  for  a  parabolic  dependence;  k  is  the  rate  constant  depending  on  the 
temperature  of  oxidation,  . 

*«4esp|-*/*n.  (2) 

where  A  is  a  constant,  not  depending  on  temperature;  £  is  the  activation  energy, 

T  is  the  temperature;  R  as  the  gas  constant.  Putting  in  equation  (1)  instead  of 
k  its  value  from  equation  (2),  we  will  obtain 

(5) 

Parameters  n,  A  and  E  can  be  determined  on  the  basis  of  carrying  out 
nonisothermal  experiments.  Let  us  assume  that  three  experiments  differing  in 
conditions  are  performed;  for  these  tests  it  1b  possible  to  compose  the  following 
equations; 

-*-•*»*, 

with  T  -  f(x). 

In  equations  (4) -(6)  q^,  q2,  and  q^  are  determined  experimentally.  For  all 
three  experiments  also  the  dependence  of  T  on  t  is  also  determined  experimentally 
throughout  the  process. 

Integrating  these  equations  within  limits  of  change  of  q  from  0  to  qx  and  i 
from  0  to  tx,  we  will  obtain 

If.iljs-*"*,  (7) 

•  <8) 

Jr-*"*.  (9) 

Designating  the  integrals  in  equations  (7),  (8)  and  (9)  respectively  by 
,  <t>2»  and  dividing  term  by  term  equation  (7)  by  equation  (8)  and  equation 
(7)  by  equation  (9),  and  finally,  by  logarlthmlzing  the  two  obtained  equations, 
we  ^111  have 

•**-*£.  ,10) 


-1S6_ 


(11) 


One  can  determine  the  values  of  integrals  4^,  4^,  and  4>^  graphically  with 
the  help  of  the  curves  of  the  dependence  of  e  on  T>  which,  in  turn,  are 

constructed  on  the  basis  of  graphs  of  the  dependence  of  T  on  t. 

However,  the  magnitudes  of  4^,  4>2,  and  4>^  will  depend  on  the  values  of  E 
selected  during  calculation.  It  is  possible  to  show,  that  in  sufficiently  narrow 
limits  of  change  of  E  th§  dependence  of  lg  4>  on  E  can  be  approximately  presented 
in  the  form  of  a  linear  equation 

Thus,  by  determining  the  values  of  integrals  4>^,  4>g,  and  4>j  for  the  two  given 
extreme  values  of  E  it  is  possible  for  each  of  these  magnitude  of  4>  to  determine 
the  dependence  of  lg  <t>  on  E  in  the  form  of  equation  (12).  Putting  in  equations 
(10)  and  (11)  instead  of  lg  4^,  lg  <t>2>  50  ■  *3  the  expressions  in  the  form  of 

equation  (12),  we  will  obtain 

•irj— (13) 

(14) 

In  system  of  equations  (13)  and  (14)  the  unknowns  are  only  the  magnitudes  n 
and  E,  which  are  easily  found  by  solving  this  system  of  equations. 

The  value  of  magnitudes  n  and  E  can  be  found  without  resorting  to  the 
approximate  equation  (12).  For  this  the  magnitudes  of  4>^,  4>g»  811(1  *3  mU8t  &e 
determined  not  only  for  extreme  values  of  E  of  the  selected  Interval,  but  also  for 
a  series  of  intermediate  values,  and  the  whole  solution  must  be  produced  by 
graphic  means. 

Certainly,  strict  application  of  the  described  method  of  determining  the 
parameters  of  the  equation  of  oxidation  rate  is  possible  only  if  the  oxidation 
follows  one  regularity  (linear  or  parabolic)  in  the  set  experiments.  Otherwise  w< 
will  obtain  fractional  values  for  the  exponent  n.  However,  even  in  this  case  this 
method  can  jive  valuable  Information  about  the  oxidation  process. 

To  study  the  oxidation  rate  during  brief  heating  to  high  temperature  we 
applied  the  following  method  (Fig.  1).  The  test  sample  i  in  the  form  of  a  wire 
or  tape  was  pressed  between  contacts  2.  Heating  the  cample  was  produced  by 
electrical  current,  passed  to  the  sample  through  a  step-down  transformer  3  fed 
from  a  network  of  alternating  current.  The  rate  of  heating  was  regulated  by 


rheostat  4.  The  duration  of  heating  was  regulated  by  an 
electrical  time  relay  6,  which  closed  and  opened  the 
circuit  by  means  of  a  mercury  contact  5.  Heating  of 
samples  was  usually  produced  for  several  seconds. 
Temperature  of  samples  was  measured  during  heating  by  the 
cinematographic  method.  The  principle  of  this  method 
consists  of  the  following. 

At  a  distance  of  65  cm  from  the  heated  sample  "Kiev”  7 
movie  camera  operating  on  16  millimeter  film  was  set  up. 

The  image  of  the  heated  sample  was  focused  on  the  film  by  means  of  an  "lndustar"-50 
telephoto  lens.  Directly  in  front  of  the  heated  sample  light  filter  8  was 
established,  absorbing  part  of  the  radiation.  The  light  filter  was  established 
so  that  it  shielded  only  part  of  the  image  of  the  sample  during  photographing. 

At  previously  selected  aperture  and  shutter  speed  (number  of  frames  per  second  and 
exposure)  the  sample  was  photographed  during  its  heating.  The  conditions  of 
photography  (distance  from  chamber  to  object,  objective,  aperture,  shutter  speed, 
light  filter,  and  characteristics  of  film)  always  remained  constants,  both 
during  construction  of  calibration  curves,  and  also  during  photographing  of  heated 
objects. 

After  photographing  the  film  was  developed  in  standard  contions  (composition 
of  developer  and  fixing  bath,  temperature  and  duration  of  development).  Inter 
the  density  of  blackening  of  ImageB  of  heated  sample  in  parts  of  the  image  obtained 
during  photographing  with  and  without  the  light  filter  was  determined;  these 
measurements  of  blackening  density  were  produced  as  close  as  possible  to  the  edge 
of  the  light  filter.  A  [MF-2]  (IIS-2)  microphotometer  was  used  to  determine 
blackening  density.  According  to  the  measurements  of  blackening  density  with 
help  of  a  previously  constructed  calibration  curve  in  coordinates  of  the  blackening 
density  determined  the  temperature  of  the  sample,  corresponding  to  each  separate 
frame.  From  the  obtained  data  further  we  constructed  a  graph  of  the  dependence 
of  T  on  t. 

The  calibration  curve  was  constructed  in  this  way.  The  temperature  of  the 
heated  object  was  determined  by  a  thermocouple  or  an  optical  pyrometer,  and  heating 
object  was  determined  by  a  thermocouple  or  an  optical  pyrometer,  and  heating  or 
cooling  was  produced  by  steps,  i.e.,  after  every  rise  or  lowering  of  the  temperature 


Pig.  1.  Diagram  of 
an  installation  for 
studying  the 
oxidation  rate  of 
metals  during  brief 
heating  to  high 
temperature. 
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was  kept  constant  for  some  time,  and  during  this  time  the  temperature  of  the  object 
was  measured  exactly  and  the  sample  was  photographed.  In  all  calculations  of 
temperature  the  difference  in  radiation  of  real  bodies  and  an  ideal  black  body  was 
considered.  Since  the  photographylc  width  of  the  film  did  not  allow  to  construct 
or.e  calibration  graph  embracing  a  wide  range  of  temperatures,  a  .tight  filter  was 
applied  and  two  calibration  graphs  (with  light  filter  and  without  light  filter) 
were  constructed.  Photographing  of  tested  samples,  as  already  indicated,  was  also 
produced  with  and  without  a  light  filter. 

In  our  experiments  we  used  a  copper  wire  as  the  test  object.  According  to 
spectral  analysis  the  copper  contained  Fb  ~  0.01#,  Fe  and  Mg  ~  0,001#  and  traces 
of  Si.  The  presence  of  other  elements  was  not  revealed  by  spectral  analysis. 


Fig.  2.  Curves  of  change  of  temperature  during  i 

brief  heating  of  copper  samples.  Numeration  of  t 

the  curves  coincides  with  numeration  of  ! 

experiments  in  the  table.  j 

i 

Figure  2  shows  graphs  of  the  change  of  temperature  of  heated  copper  wires  j 

for  all  experiments  on  brief  heating.  After  termination  of  each  experiment  from  ; 

the  wire  subjected  to  heating  we  cut  a  segment  about  4-5  cm  long;  the  cut  section  | 

i 

j 

.  ...  _ _ _  I 

f 

i 


was  selected  so  that  its  center  corresponded  to  the  edge  of  the  light  filter  at 
the  moment  of  photographing.  The  taken  segments  of  wire  were  weighed  on  analytic 
scales,  processed  with  diluted  hydrochloric  acid  to  dissolve  the  layer  of  cinder, 
washed  in  water  and  alcohol,  dried  and  weighed  again.  The  cinder  determined  by 
difference  in  weight  was  recalculated  for  oxygen,  considering  that  it  basically 
consisted  of  cuprous  oxide.  The  found  weight  gain  of  oxygen  was  calculated  per 
unit  of  sample  surface.  The  experimental  results  are  presented  in  the  table. 
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Figure  3  showa  the  results  of  experiments  in  the  form  of  graph  in  coordinates 
of  lg  q  -  lg  ♦.  The  scales  on  the  coordinate  axes  are  selected  so  that  a  45° 

slope  of  curves  was  executed  at  n  ■  2. 

If  we  take  for  solution  of  the  system  of  equation  (13)  and  (14)  the  data  of 

experiments  1  and  12  (see  table),  on  the  basis  of  which  are  the  curves  in  Fig.  3 

are  conducted,  and  as  the  third  point  select  the  median  point  on  curves  correspond 
to  lg  q  »  -3.11,  ns  a  result  of  solving  this  system  of  equations  we  will  obtain 
n  ■*  1.97.  This  indicates  that  in  experiments  from  1  to  12  inclusive  the  oxidation 
process  of  cooper  during  brief  heating  to  high  temperature  is  stabilized  as 
parabolic,  in  spite  of  the  short  period  of  oxidation  on  the  order  of  10-20  sec. 

In  the  right  part  the  slope  of  curves  in  Fig.  3  changes,  which  corresponds  to  a 
decrease  of  exponent  n.  For  the  right  side  of  curves  exponent  n  is  or.  the  order 
cf  1. 3-1.6.  Thl#  indicates  that  in  experiments  13,  14,  and  15  the  parabolic 
'  *.w  of  oxidation  is  not  predominant  and  a  considerable  part  of  the  time  process 
apparently  follow*  the  linear  law  of  oxidation.  It  is  necessary  to  note  that  in 
experiments  13,  14,  and  15.  in  contrast  to  all  others,  oxidation  occurs  at  somewhat 


Fig.  3.  Graph  of  the 
dependence  of  lg  q  on  lg  ♦. 

Curve  I  is  built  for  E  ■  36,000, 
curve  II  for  E  -  39,000 
c a 1/mole. 


lower  temperature  and  the  maximum  temperature 
of  oxidation  is  1010,  950  and  900°C  respectively. 

It  is  impossible  to  calculate  E  from  the 
data  represented  in  the  table  with  sufficient 
accuracy.  To  determine  the  activation  energy 
it  is  necessary  to  produce  experiments  in  wide 
range  of  temperature  change.  However,  all 
experiments  represented  in  the  table  are  very 
close  to  each  other  In  temperature  regime.  The 
maximum  temperature  of  experiments  1-12  l^s 


within  limits  of  1020-1070°C.  To  determine  E  by  equations  (13)  and  (14)  it  is 
necessary  to  take  a  wider  range  to  temperature.  The  comparatively  low  fusion 
temperature  of  copper  (1083°)  did  not  allow  us  to  expand  the  region  of  investigated 
temperatures . 

To  compare  our  data  with  the  literary  data  wltii  cue  help  of  equation  (7)  and 
equations  of  the  type  of  (12)  we  calculated  q  for  each  experiment.  According  to 
[1],  we  took  n  +  2,  A  *  0.266  g^esf^sec"1  and  F  -  37,700  cal/mole.  In  the  next 
to  the  last  column  of  the  table  results  of  similar  calculations  arc  given,  but  the 
last  column  of  the  table  shews  the  percent  of  divergence  of  calculated  and 
experimentally  found  magnitudes  of  q.  Ai  follows  from  the  table,  the  magnitudes  of 
q  calculated  from  the  literary  data  and  the  directly  found  magnitudes  are  close 
to  each  other.  For  experiments  1-12,  as  was  shown,  a  parabolic  law  Is  observed, 
and  this  divergence  on  the  average  compoees  11.3#.  A  certain  exceeding  of  the 
calculated  magntldeB  above  the  experimentally  found  is  apparently  explained  by 
the  fact  that,  nevertheless,  in  the  beginning  the  process  follows  a  linear  law 
of  oxidation.  In  experiments  13,  14,  and  16  this  effect  is  even  greater,  since 
here  the  period  of  linear  oxidation  is  much  longer. 


Cone luslons 

1.  A  method  of  studying  the  oxidation  rate  of  metals  and  alloys  during  brief 
heating  (on  the  order  of  seconds)  tc  high  temperatures  has  been  developed. 

It  Is  shown  that  oxidation  of  copper  during  brief  heating  (10-20  sec)  to 

temperature  on  the  order  of  1020-1070°C  follows  a  parabolic  law.  With  decrease . 

of  maximum  temperature  cf  heating  to  9C0-i010JC  a  linear  dependent  i.etlc<  -b.Iy 
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S  PEC  7R0 PHOTOMETRIC  INVESTIGATION  OF  ASCORBINATE 
COMPLEXES 


K.  P.  Stolyarov  and  I.  A.  Aaantova 


1.  Investigation  of  Complexes  of  Elements  of  Groups 


laagrtHiafH 


As  is  known  [1-8]  In  analytic  practice  ascorbic  acid  Is  widely  used  as  a 
reducer  and  In  separate  cases  as  complex  former. 

The  goal  of  this  work  Is  the  systematic  spectrophotowetrlc  Investigation  of 
the  possibility  of  usirg  ascorbic  acid  as  a  complex  former.  I -ascorbic  acid 
s  )  has  a  structure  of  2,3-enuioi-- -gulono-1, 4-lactone  (Kherst,  1 9.53). 


The  icld  properties  are  caused  by  hydroxyl  group  being  in  position  )  and 
only  partially  in.  position  2  (pK^  -  4.17 ;  ■  li.57  [9]  arid  pK^  -  «.C0  [10],. 

The  complex  fc-ssing  functions  of  ascorbic  acids  are  caused  by  presence  of 

•  grouping  — CiCHl  «  T '  ~h)— . 

The  reducing  properties  cf  ascorbic  acids  are  connected  with  the  •.  •eser.re 
grouping  with  two  conjugate  double  bonds  -C(OK)  •  C ( OH  1  —  C  «  0  [9]. 


.'itair.ed,  tr,e-. 


.•uid  Ir.  infinite  -xldir  1:  g  'ar;itih 


•putting  of  the  molecule  with  formation  of  l-threonlr  (IV)  and  oxalic  (V)  acids, 
occurs  and  then  even  l-tataric  at  pH  s  9  [9],  There  is  an  indication  about  the 
formation  of  oxalic  acid  in  aqueous  solutions  of  ascorbic  acid  In  air  at  pH  -  8  [11], 
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The  oxidation  of  ascorbic  acid  to  dehydroascorblc  acid  Is  reversible.  The 
oxidizlng-reducing  potential  at  equal  molecular  ratios  of  these  acids  at 
pH  «  2.04,  Eq  *  0.281  v;  at  pH  -  5.75,  Eq  “  0.106  v;  and  at  pH  -  7,  EQ  -  0.185  v 
[12]. 

The  oxidation  of  aqueous  solutions  of  ascorbic  acid  1b  accelerated  In  the 
presence  of  heavy  metal  ions  [13] ,  with  increase  of  temperature  [14],  increase  of 
solution  alkalinity  [15]  and  unc***  the  Influence  of  ultraviolet  light  [4]. 

To  Increase  the  stability  of  ascorbic  acid  solutions  it  Is  recommended  to 
add  formic  and  oxalic  acids  [4,  18],  ammonium  thiocyanate  [19]*  trilon  B  [5,  4,  16, 
17]  and  to  store  the  solutions  In  an  atmosphere  of  COg,  Ng  [16,  17].  In  our 
work  we  used  freshly  prepared  solutions  of  ascorbic  acid  of  high  concentration, 

1.25  M. 

Besides  oxidizing  splitting  ascorbic  acid  is  Inclined  to  hydrolytic  splitting, 
the  rate  of  which  is  increased  with  increase  of  alkallnityy  [9]. 


Under  the  effect  of  strong  alkalis  the  unsaturated  y-lactone  ring  will  be 


released;  a  salt  of  ketcnic  acid  (a)  and  not  a  salt  of  unaaturated  hydroxy  acid  will 
be  formed. 
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With  weak  alkalis  ascorbic  acid  will  easily  form  neutral  monoalkali  enolate 
without  release  of  the  lactone  ring  (b). 

Considering  the  complicated  character  of  behavior  of  ascorbic  acid  in  an 
alkaline  solution,  oxidizing  and  hydrolytic  decomposition  [4,  9]  as  a  rule,  we 
investigated  in  solutions  with  pH  <  ?• 

In  strongly  acid  solutions  the  formation  of  ascorbinate  completes  has  low 
probability,  since  ascorbic  acid  is  weak  and  its  dissociation  is  suppressed  at 
low  pH.  Therefore,  an  investigation  at  pH  <  2  had  no  meaning. 

•  Light  absorption  of  ascorbic  acid  solutions  depends  on  pH;  a  curve  of  the 
type  of  a  parabola  reflects  the  process  of  development  of  yellow  color  during 
increase  of  alkalinity  [20], 

It  is  necessary  to  indicate  the  peculiarities  of  s pec tropho tome trie 
investigations,  connected  with  the  optical  characteristics  of  ascorbic  acid.  The 
absorption  band  of  ascorbic  acid  is  in  the  ultraviolet  region,  which  is  explained 


by  the 


4-J 

i  i 


-  OH  group. 


The  absorption  maximum  is  270  mu,  which  corresponds 


to  the  presence  of  a  five-member  ring  [21],  The  absorption  maximum  is  mobile; 
from  245  mu  in  acid  solutions  to  265  mu  in  neutral  alkaline,  which  is  connected 
with  the  presence  of  conjugate  double  bonds  [9],  e2^  -  695  (pH  -  2,  hydrochloric 
acid  solution),  egg^  -  9^0  (pH  -  6.4,  phosphate  buffer).  Values  of  e  are  obtained 
for  Q.5-l‘iO“J*  M  solutions  in  the  presence  of  d-sorbitol  as  a  stabilizer  [22]. 
True,  d-sorbito)  increases  the  absorption  ascorbic  acid  [23].  The  absorption 
spectra  of  an  ascorbic  acid  solution  depending  upon  pH  and  concentration,  obtained 
by  us,  are  represented  in  Fig.  1. 

In  the  investigation  of  ascorbinate  complexes  it  is  necessary  to  apply  a 
great  surplus  of  ascorbic  acid  (for  full  formation  of  complexes)  and  perform 
spectrophotometry,  consequently,  a  relatively  free  sample,  containing  a  complex 
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Fig.  1. 

former  In  the  same  quantity  and  at  the  same  pH  of  solution.  The  absorption  of  the 
free  sample  Is  compensated  by  slot  of  spectrophotometer,  starting  only  with 
X  •  300-320  mu. 

Spectrophotometry  was  produced  on  [SF-4]  (C®-4)  and  SF-5  spectrophotometers 
in  quartz  curettes  1  cm  thick. 

"Chemically  pure"  and  "pure  for  analysis"  were  used,  chiefly  chlorides  of 
metals  (in  case  of  deviation  from  this  rule  the  appropriate  indications  are  made), 
and  medical  ascorbic  acid. 
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Fig.  2. 

The  pH  of  solutions  was  measured  by  a  pH  meter  with  a  glass  electrode. 

The  given  value  of  pH  was  attained  by  adding  solutions  of  hydrochloric  acid 


I* 


and  caustic  soda  or  ammonium.  In  diluted  solutions  of  ascorbic  acid  a  0.25  M 
solution  of  sodium  acetate  was  introduced  as  a  buffer. 

In  this  report  considers  the  interaction  of  ascorbic  acid  with  elements  of 
groups  II  and  III  of  the  periodic  table.  1 

IAlRa_i  metals  were  not  investigated,  since  in  this  case  it  is  possible  to  spe.'K 
only  about  the  formation  of  simple  salts,  and  not  complexes.  For  sodium  ascorbinate 
-2 

'Since  “  1.47*10  [24],  The  elements  of  an  additional  subgroup  of  group  I:  copper 

[25,  26],  silver  [27,  29]  and  gold  [JO-32]  are  reduced  by  ascorbic  acid  to  metal 
and  also  were  not  Investigated. 
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The  basic  flats  on  the  Investigated  solutions  are  given  in  Table  1  and  the 
obtained  results  are  represented  in  Figs.  1  and  2. 

Elements  of  Group  II 

In  the  literature  there  are  data  on  about  *  2.&’10“^  for  magnesium 

ascorbinate  [24] j  the  formation  of  an  ascorbinate  complex  of  zinc  [33]  and  also  the 
reduction  of  mercury  solutions  to  metal  [33,  34]  are  described. 

We  investigated  the  interaction  of  solutions  of  beryllium,  magnesium,  calcium, 
strontium,  barium,  zinc  and  cadmium  with  ascorbic  acid  at  pH  -  4.5  and  5.5.  The 
formation  of  colorless  complexes  occurs  at  pH  >  4.5  (at  pH  -  4.5  only  for  beryllium, 
zinc  and  cadmium).  On  curves  of  light  absorption  maxima  (see  Fig.  1)  are  observed: 
for  the  magnesium  complex  at  520-550  mu;  calcium  and  barium,  545  on;  zinc  ond 
cadmium,  390  mu.  Salts  of  strontium  do  not  "orm  an  ascorbioate  complex. 

The  presence  of  negative  values  of  optical  density  on  curves  of  light 
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ibsorf  ti„i.  of  ascorbinate  complexes  of  beryllium,  zinc  and  cadmium  testify  to  a 
de^rfasr  in  absorption  ty  these  complexes  as  compared  to  free  ascorbic  acid  in 
the  given  wave  l»nrth  interval.  This  can  be  explained  by  a  change  of  the  steepness 
of  the  absorption  carid,  the  long-wave  boundary  is  steeper  for  complexes  than  for 
the  acid. 


Elements  of  Group  III 
Main  subgroup 

The  interaction  of  boron,  aluminum,  gallium,  indium,  and  monovalent  thallium 
with  ascorbic  acid  (Fig.  la,  b)  has  been  investigated. 

For  solutions  containing  boron  a  considerable  decrease  of  light  absorption  is 
observed  in  the  region  of  320-340  mu  and  pH  ■  5*5  as  a  result  of  the  formation- 
of  boric-ascorbic  acid  (by  analogy  with  the  formation  boric -tartaric  acid  [35]). 

For  solutions  containing  aluminum  a  decrease  in  absorption  in  the  region  of 
330-370  mu  is  connected  with  the  sharp  growth  of  optical  density  at  X  s  330  mu. 

For  ascorbinate  complexes  of  gallium,  indium  and  monovalent  thallium  there 
are  absorption  curves  with  sharp  slopes,  without  maxima.  For  thallium  the 
formation  of  a  complex  starts  at  pH  >  2.5,  since  the  absorption  curves  of  solutions 
of  thallium  nitrate  and  ascorbinate  at  pH  «  2.5  coincide,  and  an  increase  in 
optical  density  is  observed  at  pH  >  2.5. 

For  ascorbinate  complex  of  Indium  the  absorption  band  is  wider. 

With  growth  of  pH  the  absorption  bands  Bhift  into  the  long-wave  region; 
solutions  are  colored  pale  yellow. 

We  invectigated  0.004  M  solutions  of  gallium  and  indium  and  a  0.04  M 
solution  of  thallium  (pH  =  5.5)  &t  ascorbic  acid  concentrations  of  0.04,  0.1  and 
0.5  M.  At  an  ascorbic  acid  concentration  less  than  0.1  M  the  complex  of  gallium 
hydrolyzes.  With  increase  of  ascorbic  acid  concentration  up  to  0,5  M  an 
accumulation  of  ascorbinate  complexes  of  gallium  and  thallium  occurs  (for  thallium 
the  concentration  is  10  times  larger  than  for  gallium  and  indium) .  For  indium  a 
0.1  M  concentration  of  ascorbic  acid  is  sufficient  for  full  formation  of  the 
complex,  l.e.,  a  25  fold  surplus  in  the  molar  ratio. 

Of  the  last  three  complexes  the  most  durable  and  interesting  in  an  optical 

sense  is  the  complex  of  Indium,  Spectrophotometric  determination  of  Indium  in  the 

.4 

form  of  an  ascorbinate  complex  can  be  conducted  at  indium  concentration  n*10  M 
(0.1  M  solution  of  ascorbic  acid;  pH  -  5-5;  curette,  1  cm). 
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Additional  subgroup 


Prom  the  source  material  we  know  about  the  formation  of  an  ascorbinute  complex 
of  thorium  and  about  the  wide  use  in  colorimetric  analysis  of  an  ascorblnate  complex 
of  uranium.  About  thorium  we  know  that  at  pH  -  4-4.5  a  negatively  charged 
complex  will  be  formed,  but  at  pH  -  0-1,  a  positively  charged  one.  The  first  is 
adsorbed  by  anionites  in  the  ascorblnate  form,  along  with  Tl,  Zr,  U,  V,  Mo  and  W 
[36,  37];  the  second  is  adsorbed  by  cationite  in  the  H+  form  (Dowex-5)  together 
with  elements  of  the  additional  subgroup  of  group  IV  [38]. 

Works  [36,  37]  indicate  that  rare  earth  elements  do  not  form  negatively 
charged  ascorblnate  complexes. 

We  know  that  uranium  will  form  a  yellow-brown  ascorblnate  complex  at 
pH  ■  4-4.2;  its  solutions  obey  the  Beer  law  at  410  mu  [20,  39].  The  composition 
of  the  complex  Is  1:1  [40];  -  1.3*10"^;  *  3.92-10"2  [41].  The  behavior 

of  the  complex  on  anionite  amberlite,  IRA  -  400,  is  investigated  in  work  [36]; 

It  was  established  that  the  maximum  adsorption  occurs  at  pH  »  4-4.5;  desorption  is 
carried  out  by  a  0.1  N  solution  of  hydrochloric  acid,  the  complex  is  weaker  than 
acetate.  In  the  area  of  pH  «  5-7  the  complex  will  have  the  structure 
NHjj[U02(0H)2(CgH^0g) ]  added  to  it;  at  pH  <  3  during  a  positive  or  neutral  complex 
will  be  formed  [4c], 

We  investigated  the  interaction  of  ascorbic  acid  with  solutions  of  scandium, 
yttrium,  lanthanum,  trivalent  cerium,  praseodymium,  neodymium,  samarium, 
gadolinium,  dlsprosium,  erbium,  ytterbium,  europium,  terbium,  holmium,  lutetium, 
thorium  and  uranium. 

The  initial  solutions  of  salts  were  hydrochloric  acid;  titer  of  solutions  was 
calculated  by  suspensions  of  oxides  and  carbonates  (in  the  l&et  case  it  was 
checked).  To  prepare  solutions  of  cerium,  gadolinium  and  thorium  we  used  nitrates, 
uranium  -  acetate. 

The  obtained  results  are  represented  in  Fig.  lb,  c  and  Fig.  2. 

For  all  the  above-mentioned  elements  the  formation  ascorblnate  complexes  is 
connected  with  a  sharp  growth  of  optical  density  in  the  region  of  A  s  330-340  mu. 
With  Increase  of  solution  pH  the  absorption  bands  are  displaced  into  the  long-wav* 
region;  this  appears  especially  for  europium.  The  absorption  maxima  of  solutions 
of  simple  salts  increase,  especially  at  pH  -  4.5;  in  certain  cases  they  are 
displaced  somewhat  into  the  long-wave  region.  Maxima  of  light  absorption 
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undergoing  the  strongest  changes  are  represented  in  Table  2. 

por  G^and 1  am,  yttrium,  lanthanum,  terbium,  dlsproslua,  holmlum,  erbiun  and 
lutetlum  in  the  region  of  1  -  3**0-J8g  an  the  absorption  of  ascorblnate  complexes 
la  less  than  the  abscrption  of  ascorbic  acid,  negative  values  of  optical  density; 
the  minima  of  optical  density  with  increase  of  pH  are  deepened  and  shift  into  the 
long-wave  region. 

The  color  of  solutions  of  ascorbinates  of  rare  earth  elements  is  yellow 
or  pale  yellow  for  scandium,  yttrium,  lanthanum,  cerium,  samarium,  disprosium, 
europium  (intensely  yellow,  orange  at  great  concentration) ,  ytterbium  and  urerium 
(intensely  yellow).  The  complexes  for  gadolinium,  terbium,  lutetlum  and  thorium 
are  colorless.  For  praseodymium  the  complex  is  yellow-green,  for  neodymium  - 
blue,  for  holmium  —  yellow-pink,  for  erbium  —  pink. 


Table  2 
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♦In  these  cases  the  rise  in  maximum  is  caused  by 
a  general  increase  of  light  absorption  in  the 
shortwave  region. 

It  is  necessary  to  note  that  elements  of  the  cerium  group  (O.i  M  solutions 
ol  elements  in  0.5  M  solutions  of  ascorbic  scid)  at  pH  *  5.5  probably  deposit 
in  the  form  of  basic  ascorbinates;  elements  of  the  yttrium  group  stay  in  solution 
even  at  large  values  of  pH. 

For  spectrophctometric  analysis  of  greatest  interest  are  ascorbinates  of 
europium  and  samarium  (not  counting  uranium).  It  has  bean  shown  that  these  elements 
can  havs  a  valence  of  +2.  It  is  posilble  that  the  formation  of  ascorblnate 
complexes  cf  europium  and  3amarlum  is  connected  with  their  initial  reduction. 


Conclusions 


The  formation  of  ascorblnate  complexes  for  elements  of  groats  II  and  III  ot 
the  periodic  table  (excluding  strontium  and  mercury)  evokes  a  change  In  absorption 
spectre  of  solutions  of  simple  salts;  maxima  of  light  absorption  are  Increased 
and  some t lms s  ere  displaced  into  the  long-wave  region  (Pr,  Nd,  Ho,  Ev);  absorption 
strongly  Increases  in  the  region  of  320-3*0  mu,  combined  with  a  shift  absorption 
band  of  ascorbic  acid  Into  the  long-wave  region  (Zn,  Cd  and  elements  of  group  III, 
excluding  B);  for  certain  elements  negative  values  of  optical  density  arr  obtained 
in  the  region  cf  >  -  320-370  mu,  l.e.,  light  absorption  decreases  (Be,  Zn.  Cd,  B, 
Al,  Sc,  Y,  La,  Tb,  Dy,  Ho,  Ev,  Lu) ;  new  maxima  appear  (Mg  320-3*0  mu;  Cu  and  Ba, 
3*5  mu;  Zn  and  Cd,  390  mu). 
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REDUCING  PROPERTIES  OF  IONITES 
N.  A.  Nechay,  M.  N.  Zvereva,  and  T.  M.  Grekovich 

The  reducing  propertlee  of  ionites  have  been  investigated  comparatively 
little.  In  spite  of  the  fact  that  s  Lbu t..  number  of  works  are  devoted  to  the  study 
of  exchange  of  ions  on  hard  sorbents.  For  analytic  chemistry  the  knowledge  of 
reducing  properties  cf  ion  exchangers  has  practical  value. 

A  number  of  Investigators  [1-7]  observed  the  reducing  ability  of  cationites. 

V.  N.  Lenskaya  [8]  considered  the  influence  of  pH,  temperature,  concentration 
of  solutions  of  oxidizers  and  other  factors  on  the  oxidation  processes  of  resins 
of  brands  [NSK]  (HHi),  [RSXJ  (PCK) ,  [FFSK]  (n&CK),  [SPG]  (OlD.  [SBS]  (CBC),  [MSF] 
(MC$),  [GKh]  (TX),  [TNl  (TH),  [NO]  (H0)»  also  others.  Her  work  allows  us  to 
make  the  following  cone Xus. lor:  under  the  effect  on  ionites  of  buffered  solutions 
of  oxidizers  containing  oxygen  in  their  molecule  is  a  dependence  of  the  oxidation 
rate  and  quantity  of  reduced  oxidizer  on  concentration  of  hydrogen  ions,  is 
observed;  there  is  a  certain  selectivity  of  the  action  of  different  oxidizers  on 
ionites;  an  increase  in  oxidizer  concentration  evokes  an  increase  of  the  rate  of 
the  oxidizing-reducing  process;  the  oxidation  reaction  of  ionite  is  not  reversible 
and  the  reducing  ability  of  ionite  is  gradually  lowered. 

V.  N.  Lenskaya  with  colleagues  [9,  10]  showed  the  possibility  of  using  ionites 
as  specific  reducers,  valuable  for  analytic  chemistry  by  the  fact  that  they  do 
not  introduce  outside  inorganic  ions  into  the  investigated  solution. 

In  a  number  of  works  [11-15]  it  is  noted  that  ionic  exchange  and  reduction  of 
ions  in  the  solution  occur  simultaneously  and  Independent  of  each  other;  that  the 


source  of  r'eduo'ng  properties  of  resins  is  not  ionogen  groups  or  elementary  nuclei 
of  resins  ( sulphophenolic  and  aulphostyrene ) . 

The  goal  of  this  work  is  the  investigation  of  the  reducing  ability  of  certain 
ionite*  of  Soviet  brands  with  respect  to  different  oxidizers.  For  the  first  time 
we  investigated  the  reducing  properties  of  cations  of  [KU-2]  (KY-2),  KU-2-4, 

KU-2 -12,  KU-2-16,  [SBSR]  (CBCP),  [KB-4P-2]  (KB-4I1-2),  and  anionites  [AM-1]  (AH-1), 
[EDE-iO-P]  (8fl8-iOn),  [AV-16]  (AB-16),  and  AV-17.  As  oxidizers  we  applied 
solutions  of  KMnOjj,  K^Cr^O^,  NH^VQ^,  and  Fe^(SO^) whose  normal  oxidizing 
potentials  are  1.51,  1.36,  1,01  and  0.77  v  respectively. 

Experiments  were  conducted  by  the  static  method  by  means  of  agitating  a 
suspension  of  resin  (0.5  g)  with  50  ml  of  a  solution  having  a  definite  concentration 
of  oxidizer  and  hydrogen  ions.  Time  of  agitation  (2-10  hours)  necessary  to 
establish  equilibrium  between  the  resin  and  the  solution  was  determined  by 
preliminary  experiments. 

The  influence  of  acidity  of  the  medium  on  the  oxidizing-retiucing  process 
may  be  seen  in  Fig.  1.  The  minimum,  existing  on  the  reduction  curve  of  potassium 
permanganate,  is  in  region  with  pH  -  5-6 ;  in.  an  acid  medium  full  reduction  of  Mn+^ 
to  Mn+2  occurs;  in  an  alkaline  medium  full  reduction  of  Mn4^  to  Mn+1\  The  least 
reduction  of  manganese  occurs  in  the  region  close  to  neutral.  Luring  r»uuct:!on  of 
Cr4^  and  V4'  the  reducing  ability  of  resins  dropB  as  thp  acMity  c_°  the  solution 

decreases. 

To  investigate  the  influence  of  different 

content  of  divinylbenzene  [DVB]  ( JIBE)  on  the 

reducing  properties  of  resin  ve  took  three  brands 

of  cationite  KU-2;  KU-2-4.  KU-2-12,  and  KU-2-16. 

In  experiments  with  "olrtion  of  potassium 

+7  +4 

permangarate  *ull  reduction  of  Mn  to  Mn  and 

+2 

Mn  b;  all  brands  of  KU-2  ream  occurred. 

Experiments  with  potassium  bichromate  showed  (Table 
i)  ■thri  ar  increan  in  th_  pe'ceitaje  of  DVB  in 
resins  of  brand  KU*2  increases  their  resistance 


Fig.  1.  Oxidization  of 
cationite  SBSR  by  different 
oxidizers  (concentration  of 
oxidizers  in  Initial 
solutions  was  0.05  N). 


to  oxidizers  in  an  insignificant  degree.  This  is  pcss4bly  explained  by  the  fact 
that  the  easily  oxidizing  groups  of  resin  are  located  at  the  onus  of  mac  jmoiecules 
and  the  pecking  of  the  structure  essentially  does  not  affjet  the  oxidizing-reducing 


.Table  1.  Effect  of  Potassium  Bichromate  on  Cationite 
KU-2  with  Different  Content  of  DVB  (Concentration  of 

K2Cr2°7  80iution»  N) 
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process. 

From  the  obtained  data  on  reduction  of  potassium  by  different  ionites 
depending  upon  medium  acidity  (Table  2)  it  is  clear  that  the  stablest  are  from 
cationites  KB-4P-2  and  from  anionites  AV-17.  During  reduction  of  potassium 
bichromate  (Table  3)  the  stablest  also  turned  out  to  be  KB-4P-2  a  d  AV-17.  The 

if. 

biggest  reducing  ability  with  respect  to  Cr  belongs  to  AV-16,  EDE-10-P  and  SBSR, 
which  reduce  chromium  in  a  wide  interval  of  acidity  up  to  pH  7*  which  agrees  with 
the  data  of  V.  N.  Lenskaya  on  oxidation  of  other  brands  of  ionites. 


Table  2.  Oxidation  of  Ionites  by  Potassium  Permong&nate 
(Concentration  of  KMnO^  Solution,  0.02  N) 
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Table  3.  Oxidation  of  Ionites  by  Potassium  Bichromate 
(Concentration  of  KgCrgO^  Solution,  0.02  N) 
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Table  4  gives  data 


on  reduction  of  pentavalent  vanadium  by  ionite^. 
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Table  4.  Oxidation  of  Ionites  by  Ammonium  Vanadate 
'(Concentration  of  NH^VOj  Solution,  0,02  N) 
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From  Table  4  it  is  clear  that  vanadium  oxidizes  AV-16  and  EDE-10-Pj  in  very 
acid  solutions  KU-2,  AN-1  and  8BS.  KB-4P-2  and  AV-17  resist  the  action  of  vanadium. 

With  all  the  above-mentioned  brands  of  resins  we  made  experiments  to  study 
their  Interaction  with  Feg(S0^)j  solutions.  It  was  found  that  of  all  the  studied 
ionites  iron  oxidizes  only  AV-16  to  an  insignificant  degree  (~1.5#) ;  as  one  should 
expect  for  iron,  oxidation  does  not  depend  on  pH. 

According  to  magnitude  of  reducing  ability  the  investigated  ionites  can  be 
placed  in  a  series:  AV-16  >  EDE-10-P  >  SBSR  >  KU-2  >  AII-1  >  AV-17  >  KB-4P-2. 

For  the  quantitative  characteristics  of  the  reducing  properties  of  ionites 
with  respect  to  KMnO^  and  KgCrgOy  we  calculated  the  percent  of  reduced  manganese 
and  chromium  for  1  g  of  resin  depending  upon  the  number  of  sorption  -  desorption 
cycles.  Experiments  were  produced  by  means  of  agitating  a  suspension  of  resin 
(0.5  g)  with  50  ml  of  a  solution,  having  a  0.05  N  concentration  of  oxidizer  and 
acidity  of  i  N  by  HgSO^,  until  equilibrium  is  established.  We  filtered  the  ionite 
and  extracted  from  it  the  absorbed  Ions,  shifting  simultanepusly  the  cationite 
to  the  H+  form  and  anionite  to  the  OH"  form.  In  united  filtrates  we  determined  the 
content  of  reduced  oxidizer.  The  regenerated  resin  wa»  again  agitated  with  a 
solution  of  oxidizer,  etc. 

It  turned  out  that  the  reducing  ability  of  ionites  with  respect  to 
potassium  permanganate  is  kept  practically  completely  for  5  cycles,  except  for 
anionites  AN-i,  EDE-iO-P  and  AV-i6  which  on  the  3-5th  cycle  are  destroyed.  In 
Fig  .  2  one  may  see  the  gradual  extinction  of  reducing  properties  of  ionite  with 
respect  to  potassium  bichromate. 

Anionites  AV-16  and  EDE-IO-P  were  completely  dissolved  on  the  fourth  cycle. 
Since  the  solubility  of  resin  is  increased  with  decrease  of  transverse  bonds  in 
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Nt»b«r  of  torptlon  -  dworption  oyol#« 


Elg.  2.  Reducing 
properties  of  ionites 
with  respect  to  K2Cr2°7 

depending  upon  the 
number  of  sorption  — 
desorption  cycles. 
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Fig.  3.  Curves  of 
"potentiometric  titrating 
of  cationites  by  a  NaOH 
solution.  1  -  before 
the  effect  of  oxidizer; 

2  -  after  the  effect 
of  oxidizer. 
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Fig.  4.  Curves  of 
■potentiometric  titrating 
of  anionites  by  a  HC1 
solution.  1  -  before 
the  effect  of  oxidizer; 

2  -  after  the  effect 
of  oxidizer. 


the  polymer,  we  can  assume  that  during  oxidation  of  ionites  transverse  bonds 
i.e.,  methylene  bridges,  are  destroyed. 

I.  P.  Losev  and  A.  S.  Tevllna  [12]  assume  that  the  source  of  the  reducing 
properties  of  ionites  are  not  the  ionogen  groups,  but  aldehyde  and  qulnoid  groups. 
Consequently,  the  oxidizers  do  not  have  to  affect  the  exchange  capacity  of  ionite. 
To  check  this  assumption  we  investigated  the  exchange  capacity  of  ionite  by  the 
method  of  potentiometric  titrating  of  a  resin  by  solutions  of  HC1  (anionite)  or 
NaOH  (cationite)  before  and  after  the  effect  of  an  oxidizer.  As  oxidizer  we  took  a 
0.02  N  solution  of  potassium  bichromate  having  acidity  of  1.17  N  by  HgSOjj.  As  can 
be  seen  from  Figs.  3  and  4  partial  oxidation  of  Ionite  practically  does  not 
affect  the  slope  of  titrating  curves  of  the  investigated  ionite,  and,  consequently, 
during  oxidation  ionogen  groups  do  not  participate. 

k  baa  bees  danaatialcd  by  the  pretest  investigation  that  toa-excfcaafe 
ream  Ky-2,  KB-4H-2,  CBCP.  3^3-10-n,  AH-t.  AB-17  n  aot  oxtdtned 

bfOM  h  aotetlOM  Fe^SO^at  |H+|-lO-»- ;  the  rettaa  AB- 
•97  sad  MMn-S  are  aot  oxidized  by  0.02  a  solution*  NH-VO-  «t  lw+!  « 

» MT* - i-1^5-  aad  Ky-i  -  at  (H+J-  HT*  - 2 ;  KB-4TM  it  aot 
estdtxed  by  0,02  a  solutions  it  [H*j  -  l<r"- 2,6-*^  .  aad 

AB-17  -  at  (H+|  -  10*"  -  ;  til  tarotifated  toa-eichaage  re- 

alas  are  audited  by  0,08  a  solutions  KMflO,  at  |H*I  -  . 

Accordtac  to  their  stability  toward*  oxidanti  ion-excbaage  realaa  can 
ba  arraafladla  a  raw  aa  lollowi:  K6-4  n-2  >  AB-17  >  W-i  >AH-I  > 

>  CBCf  >  Bfl3-IO-n  >  AB-1«. 

The  partial  datdatloa  ol  the  kw -exchange  reatoa  by  0,02  a  solution 
baa  beea  stated  to  have  practically  ao  effect  oa  the  exchange 

Capacity  Value.  [owlish  .nmry] 
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INFRARED  ABSORPTION  SPECTRA  OP  ANHYDROUS  SULFURIC  AND 
ORTHOPHOSPHORIC  ACIDS 

3.  A.  Shchukarev,  T.  0.  Balicheva,  K.  Ya.  Borcha,  and 
M.  A.  Kukhareva 

The  wide  application  of  anhydrous  mineral  acids  In  a  whole  series  of  organic 
productions  requires  the  thorough  study  of  their  behavior  in  pure  form. 

We  attempted  to  study  the  state  of  isostructural  molecules  of  acids  of  the 
third  period  of  periodic  table  and,  in  particular,  the  influence  of  the  tied 
hydrogen  bond  on  the  proton  donar  function  of  these  acids,  by  using  the  high 
sensitivity  of  infrared  vibration  spectra  to  change  of  structure  of  molecules. 
Informations  about  oscillatory  frequencies  of  sulfuric  and  orthophosphoric  acids, 
obtained  basically  from  spectra  of  combination'  1  diffusion,  are  rather 
contradictory  [1-6].  Region  of  valent  0  -  H  \ibratlons  due  to  the  large  experiment 
difficulties  is  studied  very  little. 

Table  i  gives  the  presently  available  information  about  frequencies  of 
valent  0  -  H  vibrations  for  anhydrous  sulfuric  acid. 


Table  1 


SubBtance 

Method  of 
investigation 

Maximum  of 
absorption 

band,  cm-1. 

H2S04  liquid  100* 

Raman  [1] 

2985 

H2S04  liquid  100^ 

Raman  [2] 

3025 

H2S04  liquid  10056 

Raman  [3] 

2850,  3000 

H2S04  liquid  10056 

IKS  [k] 

2970  ♦  50 

HpSOj,  solid  1001 

IKS  [4] 

2980 

If  frequency  of  valent  0  -  H  vibrations  for  HgSO^  is  needed  only  in  a  more 

precise  definition,  then  the  matter  is  worse  with  these  frequencies  for 

orthophosphoric  acid.  Medard  [2]  found  in  region  of  valent  0  -  H  vibrations  a 

-1  -l 

wide  band,  spreading  from  3700  to  2? 00  cm  with  maximum  near  3300  cm  .  Simon 

[6*7])  not  finding  in  this  region  even  a  weak  absorption  band  in  the  Raman-spectrum 

of  orthophosphoric  acid,  considers  that  the  system  investigated  by  Medard  did 

not  correspond  to  a  composition  of  orthophosphoric  acid. 

Therefore,  the  goal  of  our  investigation  was  a  more  precise  definition  of 

the  results  in  the  region  of  valent  0  -  H  vibrations  and  also  the  investigation 

of  the  influence  of  lowered  temperature  on  position  of  the  maximum  and  bandwidth 

of  absorption  of  the  0  -  H  •  •  *0  complex. 

The  results.  Obtained  by  Giguere  [4]  for  solid  100#  sulfuric  acid,  evokes 

~  -1 

surprise  both  in  the  small  magnitude  of  displacement  Av  -  10  cm  and  alBo  in  the 

direction  of  displacement,  indicating  a  weakening  of  hydrogen  bonds  in  the 

0  —  H  •  •  •  0  complex  with  lowering  of  temperature .  Crystalline  orthophosphoric 

acid,  roentgenographically  studied  by  Furberg  [7],  is  characterized  by  three 

identical  P  —  0  bonds  1.57  X  long.  The  fourth  P  —  0  bond,  assumed  "keto,"  with 

shorter  length  of  1.52  X  P  -  0  -  H  •  •  •  0  •  P;  the  very  .short  distance 

R(0  *  •  •  0)  m  2.53  X  should  correspond  to  a  very  durable  hydrogen  bond  of  the 

associating  molecule  of  phosphorous  acid.  The  distance  between  hydroxyls 

o 

(P  -  0  —  H  •  •  4  0  —  H) ,  equal  to  R(0  •  •  •  0)  -  2.84  A,  should  correspond  to  a 
weaker  hydrogen  bond.  On  the  basis  of  given  X-r«vy  structural  data  one  should  have 
expected  the  appearance  in  vibration  spectrum  of  absorption  of  H^PO^  in  the  region 
of  valent  c  -  H  vibrations  of  two  bands,  from  which  one  should  be  strongly 
widened  and  eonsider^bl"  displaced  in  the  low  frequency  region,  corresponding  to 
a  strong  hydrogen  hood  with  distance  0  ♦  •  •  0  -  2.53  X. 

According  to  x-ray  diffraction  analysis  of  Pascard  [8],  in  the  grid  of 
sulfuric  acid  there  are  also  2  types  of  nyarogen  bonds,  0  -  H  *  -  -  C  -  H  and 
0  —  h  •  •  •  0  »  S  with  corresponding  distances  of  2.84  X  and  2.64  A.  We  have  no 
information  about  the  distance  0  ♦  •  •  0  in  anhydrous  chloric  acid,  but  the 
proximity  and  number  of  observed  frequencies  of  vibrations  ?  **  0  and  ?  —  0  in 
orthophosphoric,  sulfuric  end  chloric  acid*  testify  to  a  tetrahedral  configuration 
of  their  anions  and  an  analogy  in  the  structure  of  acids. 

We  obtained  100%  orthophos-v^ric  acid  by  two  methods: 
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1.  From  crystalline  96#  to  melt  at  t  -  50°C  we  added  a  calculated 

quantity  of  "chemically  pure"  P20^. 

2.  Prolonged  dehydration  of  8.5#  HjPO^  in  a  vacuum  with  subsequent  double 
recrystallization  according  to  method  of  Simon  [?].  In  the  HjPO^  crystals  obtained 
by  this  method,  a  H^PgO^  impurity  was  completely  absent,  its  content  by  the  first 
method  was  2-12#  depending  upon  modification  of  the  applied  PgO^,  The  composition 
of  the  obtained  acid  w  ntrolled  by  titrating  0.1  N  KOH  and  qualitative 
reactions  with  AgNO^  l  che  absence  of  pyrophosphoric  and  metaphosphoric  acids. 

100#  HgSOjj  was  obtained  by  adding  to  a  suspension  of  oleum  a  calculated 
quantity  of  concent.  ?d  "chemically  pure"  H^O^,  d  -  i.832  g/cnr5.  The  composition 
was  also  controlled  by  titrating.  Vibration  spsctra  of  substances  were  taken  on 
a  recording  double-beam  [IKS-14]  (HKC-14)  infrared  spectrometer  on  LiF  and  NaCl 
prisms;  the  light  source  was  a  globar. 

Calibration  was  produced  on  an  vibration  rotary  spectra  NH^,  CgHg,  HC1,  CO  and 
COg.  The  stability  of  calibration  was  constantly  checked  by  a  standard  spectrum 
of  polystyrene.  The  optical  windows  of  the  convette  were  plane -parallel  thin 

windows  of  quartz,  fluorite  and 
optical  AgCl. 

The  obtained  absorption 
spectra  in  the  frequency  range 
of  3500-2350  cm"'1’  are  shown  in 
Figs.  1  and  2. 

Indeed,  the  very  wide 
absorption  band  of  orthophoaphoric 
acid  ie  displaced  by  120  cm*1 
as  compared  to  the  absorption 
band  of  and  by  540  ca_,‘  as  compared  to  anhydrous  HCIO^  [9]  in  the  low- 

frequency  region,  testifying  to  the  larg  durability  of  hydrogen  bonds  associating 
the  molecule  of  phosphoric  acid.  Due  to  this  the  force  constant  cf  the  0  -  H 
bond  decreases,  and  the  length  of  0  —  H  is  increased.  This  may  be  seen  from  our 
tentatively  calculated  values  of  force  constant  and  interatomic  distance,  given  In 
Table  2. 

The  force  constant  of  the  0  -  H  bond  was  calculated  by  the  formula  of  vibration 
of  a  harmonic  oscillator  [10] 


Fig.  1.  Infrared  , 
absorption  spectrum 
ox  caihydrous  sulfuric 
acid,  thickness  of 
film  ~2.6  u.  a  — 

t  -  20°C ;  b  - 

t  -  -40°C . 


Fig.  2.  Infrared 
absorption  spectrum 
of  anhydrous 
orthophosphorlc  acid 
thickness  of  film, 

~6  u.  a  -  t  -  20°C; 

b  -  t  -  -40°C. 


Table  g 


Substance  ( 

^  -1 
v,  cm 

f-10^,  dyne*cm"^ 

0 

r0-H  A 

HClOjj  liquid  100* 

3390 

6.4 

0.997 

HgSO^  liquid  100* 

2970 

*.9 

1.06 

B^rOg  liquid  100* 

2850 

4.5 

1.08 

and  tha  interatomic  distance ,  by  the  approximation  formula  of  Badger  [11] 

The  values  of  constants  c^,  and  are  accepted  by  us  in  reference  to  atoms  H  and 
0  equal  to  Ytqmft.l ,  -  0.335. 

figure  3  built  on  these  data  shows  the  explicit  functional  dependence  between 
the  weakening  of  durability  of  the  0  -  H  bond  and  increase  of  length,  i.e., 
interatomic  C  —  H  distance,  with  increase  of  electronegativeness  of  the  anion. 

In  connection  with  the  fact  that  the  acia  we  studied 
possess  strong  corroding  properties  and  sufficiently  large 
absorption,  to  study  the  spectra  with  controlled  thickness 
of  layer  we  applied  the  weight  method  of  determining  layer 
thickness,  checked  for  water. 

The  molar  indices  found  on  maxima  of  absorption  bands 
(the  average  of  6  close  valuer)  are  given  in  Table  3. 

Figure  4  illustrates  on  example  of  sulfuric  acid  the 
good  convergence  of  our  results.  All  operations  of  filling 
the  convette  were  conducted  in  a  drying  chamber  with  P20c). 

To  study  the  influence  of  lowered  temperature  on  spectrum  of  acids  we 
prepared  e  vacuum  absorbing  chamber  from  molybdenum  glass  with  windows  of  fluorite 
its  construction  differs  little  from  thoee  described  in  literature  (13,  lk]. 

Table  3 

'  "  I  _  1  1  —  .  , 


Fig.  3. 

Dependence  between 
the  force  constant 
cf  0  -  H  bond  and 
interatomic  0  -  H 
distance  in  HCIO^, 


hWuiM 


IMlH  «*<• 


Fig.  4.  Dependence 
between  optical 
density  of  a 
substance  (D)  and 
thickness  of  film 
for  anhydrous 
sulfuric  acid. 


Due  to  the  low  temperatures  of  fusion  of  the  studied 

substances  (T  HoS0k  *  ,'D°C;  T„„  H,POk  -  +42.3 °C) 

cooling  a  mixture  of  acetone  with  solid  carbon  dioxide  to 

-40°C  was  sufficient  to  have  a  stable  fine  crystalline 

preparation  throughout  the  survey  of  spectrum.  Control  of 

temperature  was  carried  out  potentloaetrically  with  a 

preliminarily  calibrated,  copper-constantan  thermocouple. 

Ve  took  measures  to  prevent  freezing  of  the  convette  windows 

dltchs.  The  obtained  absorption  spectra  (Figs,  lb  and  2b) 

show  a  certain  decrease  of  width  of  absorption  bands  both 

fur  phosphoric,  so  also  for  sulfuric  acid  and,  secondly, 

a  displacement  of  absorption  bands  In  low-frequency  region 

.1 

by  Av  *  30  cm  ,  testifying  to  increased  durability  of 


the  hydrogen  bonds  between  molecules  with  decrease  of  temperature  in  the 


0  -  H  •  •  *0  complex. 


Conclusions 

1.  The  infrared  absorption  spectra  were  studied  in  region  of  3700-2350  cm*1 
of  sulfuric  and  ortnophosphoric  acids  at  room  temperature. 

2.  The  displacement  of  absorption  band  of  valent  0  —  H  vibrations  of  moleculr  s 
of  orthophosphorlc  acid  by  120  crt"1  as  compared  to  absorption  band  of  anhydrous 
sulfuric  acid  and  by  540  cm-1  as  compared  to  anhydrous  chloric  acid  testifies  to 

a  considerable  increase  in  duraoility  of  the  hydrogen  bonds  between  molecules  in 
the  sequence  of  HCIO^  s  HgSCk  <  H-jPO^  and  a  strong  loosening  of  the  0  -  H  bonds 
in  molecules,  as  a  result  of  which  the  force  constant  of  0  -  H  bonds  decreases  and 
its  length  Increases. 

3.  It  was  shown  that  lowering  of  temperature  to  -40°C  increases  the  durability 
of  hydrogen  bonds  for  crystalline  sulfuric  and  phosphoric  acids. 

4.  The  values  of  molar  indices  of  absorption  of  the  above-mentioned  acids 

wore  determined. 
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DEPENDENCE  OP  ORIENTATION  ANGLE  OF  DOUBLE  REFRACTION 
IN  FLOW  ON  CONCENTRATION  OF  SOLUTION 


V.  P,  Budtov 


In  the  preceding  worts:  [1]  on  the  example  of  one  function  of  [PMMA]  (IHMA) 
solutions  It  was  shown  that  at  low  viscosity  of  the  solvent  double  refraction  In 
flow  can  be  considered  as  an  effect  of  orientation  of  molecules,  but  double 


refraction  In  flow  at  high  viscosity  a8  an  effect  of  deformation  of  molecules.  In 
obtaining  extrapolated  values  of  the  angle  of  orientation  [-J-^  a  deflections  [1] 


from  the  rules  of  Peterlin  [2]  were  noticed  in  viscous  solvents,  i.e.,  in  viscous 
solvents  a  different  concentration  dependence  of  the  angle  of  orientation  was 
observed  than  in  low  viscous  solvents  [3-8], 

The  semi ~empirical  theory  of  Peterlin  [2]  gives  the  following  expression  for 
the  angle  of  orientation  t 

. . . Mi! - - t-) - 


where  g  is  the  gradient  of  speed,  M  is  the  molecular  weight  of  the  polymer,  A  is 

a  constant,  rlQ  is  the  viscosity  of  the  solvent,  [t]  Is  the  characteristic 

relaxation  time,  extrapolated  for  c  -*  0,  c  is  the  concentration  of  polymer  in  the 

solution,  k  is  the  Haggins  constant,  tj  ,  [?}]  are  the  specific  and  characteristic 

sp 

viscosity  of  the  solution. 

Another  method  of  extrapolating  the  time  of  relaxation  %  on  "aero"  concentration 
(c  0)  was  offered  by  Cerf  [9],  who  showed  that  there  is  such  a  region  where  the 
angle  of  orientation  does  not  depend  on  concentration.  It  was  established  [101  that 


the  deformation  member  in  the  expression  for 
t  also  does  not  depend  on  concentration. 

In  this  work  we  measured  the  angles  of 
orientation  for  solutions  of  six  PMMA  fractions 
in  tetrabromoethane  (viscosity  changed  from  5 
to  15.6  centipoises) .  The  characteristics  of 
samples  is  given  in  work  [11. 

As  was  shown  earlier  [11]  correct  selection 
of  t  is  controlled  by  measurements  conducted 
in  the  region  of  large  g  and  large  concentrations. 

Having  obtaining  relaxation  times  t  [11], 
graphs  of  t  as  a  function  of  5-^-'  were 
constructed  (Fig.  la) .  The  solid  curves 
express  the  dependence  of  t  on  viscosity  of 
the  solvent,  the  dotted,  on  the  given  specific 
viscosity  of  solution  .  One  may  see, 

sp 

especially  in  the  region  of  small  concentrations, 
that  the  given  dependences  are  expressed  by  straight  lines  intersecting  on  the 
ordinate  axis  a  segment  proportional  to  the  coefficient  of  internal  viscosity  [9]. 
Within  limits  of  experimental  error  (7-iOJ<)  this  segment  is  the  same  for  all 
concentrations.  Thus,  for  every  concentration  the  dependence  of  t  on 
is  expressed  by  a  straight  line  (at  large  concentrations  shows  an  upwards 

bend);  the  slopes  of  these  straight  lines  increase  with  increase  of  concentration. 

The  value  of  relaxation  times  t  extrapolated  for  c  -*  0  can  be  obtained  by 
two  methods.  It  is  possible  to  construct  a  concentration  dependence  of  t  at 
identical  and  obtain  a  straight  line  expressing  the  dependence  of  [t]  or. 

HqI l] •  The  convenience  of  this  is  that  the  corresponding  dependences  of  r  on  c  at 
the  selected  are  expressed  by  straight  lines,  which  facilitates 

extrapolation  (Fig.  2a).  However,  during  this  it  is  necessary  to  have  measurements 
conducted  in  solvents  with  different  viscosities. 

The  other  method  is  that  the  slopes  of  straight  lines  in  Fig.  la  are  expressed 
as  a  function  of  concentration  (Fig.  2b) .  The  obtained  straight  line  represcntinr, 
this  dependence  intersects  on  the  coordinate  axis  a  segment  which  coincides  with 
the  magnitude  of  the  slope  of  the  straight  line  [t1  »  f( HqC - 


Pig.  1.  Dependence  of  magnitude 
T„  on  1111  and  concentration 

t  « 

...  "  eolations  of  FKMA  fraction 
in  tetrabromoethane 3  a)  1  - 
c  -  0.36;  2  -  0.18;  3  ~  0.12; 

4  -  0.08;  5  -  0.04;  6  - 

•rib  I  X  -  n0  -  3.0; 

II  -  6,4;  III  -  9.*;  IV  -  li.4; 

V  -  15.6  centipoises.  b)  in 
acetone  (O);  methylethyl 
ketone  (»);  butylacetate  (•). 
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Sum,  If  In  low  viscosity  solvents  (kinetic  rigid  ball)  the  dependence  of 
r  on  n,p/c  Is  expressed  by  a  straight  line  (Fig.  lb)  passing  through  the  origin 
of  coordinates*  then  for  viscous  solvents  (deformed  ball)  the  dependence  has  a 
coup  lately  different  character  (Figs,  la  and  2a).  Therefore*  from  the  dependence 
of  t  on  l8p/c  it  is  possible  to  Judge  about  the  deformation  of  the  macromolecule* 
Which  is  a  very  convenient  method  of  qualitative  appraisal  of  macromolecule 
deformation. 

In  conclusion  the  author  expresses  his  gratitude  to  Prof.  V.  N.  Tsvetkov  for 
valuable  council  and  help  in  work. 


Conclusions 

1.  The  dependence  of  limiting  slope  of  the  angle  of  orientation  of  durable 
refraction  (time  of  relaxation  t)  as  function  of  gradient  of  speed  in  a  wide 
interval  of  solvent  viscosities  (from  0.3  to  15  centlpoises)  and  concentration 
of  polymer  (from  0.01  to  0.3  g/100  cm^)  was  studied. 

2.  In  low-viscosity  solvents  t  Is  proportional  to  Tlgp/c ,  which  corresponds 
to  the  Peterlln  rule. 

3.  In  viscous  solvents  the  dependence  of  t  on  n8p/c  haB  a  different 
character.  An  empirical  formula  was  found  and  methods  of  extrapolating  t  for  c  -*  0 
are  offered. 

k.  From  studying  the  dependence  of  t  on  T)8p/c  definite  conclusions  can  be 
made  about  the  nature  of  dynamoptlcal  effect  and  kinetic  rigidity  of  macromolecuxes. 
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ABOUT  INFRARED  SPECTRUM  OF  TWILIGHT  SKY 


Ye.  V.  Gnilovskoy 

One  of  the  most  effective  indirect  methods  of  studying  the  structure  of 
atmosphere  is  the  twilight  method.  Msny  works  are  devoted  to  photometric  analysis 
of  twilight.  Some  of  them  are  not  free  from  essential  deficiencies  of  a 
methodical  character.  Photoelectric  observations  of  twilight  in  separate  sections 
of  the  spectrum  with  appll,  ation  of  light  filters  do  not  give  a  presentation  about 
the  spectrum  of  twilight  sky  [1,  2].  In  photographing  the  spectra  of  twilight 
sky  usually  prolonged  exposures  were  applied,  which  is  equivalent  to  averaging 
across  a  *arge  interval  of  zenith  distance  of  the  sun  [3]. 

The  goal  of  this  work  ie  to  obtain  spectra  of  twilight  sky  in  the  near  lnfrar* 
region  of  the  spectrum  with  the  he1r>  of  scanning  over  wavelengths  of  an 
electrophotometer  at  various  setting  angles  of  the  sun  on  the  horizon  in  zenith  and 
western  horizon.  As  spectral  system  a  monochromator  was  used  with  a  diffraction 
grating  operating  according  to  the  Fasti  diagram.  The  diagram  of  the  installation 
Is  shown  in  Fig.  1.  Light  of  the  twilight  sky  is  focused  by  cond  r  1  on  the 
slot  of  monochroawiter  2;  collimator  mirror  *  transforms  divergent  bundle  proceedin, 
from  the  slot;  it  is  reflected  from  a  plane  rotating  sdrror  3  in  parallel  and 
directs  it  on  grid  5.  Light  located  in  the  spectrum  is  focused  by  spherical 
mirror  6  lr.  the  plane  of  the  exit  slit  7.  The  solid  angle  of  the  Installation  is 
« •  iO*'J  iteradlans. 

The  candle-power  of  the  monochromator  is  i/9.  The  dimensions  of  the  shaded 

p 

part  of  tve  grid  are  70  *  80  mm  .  The  grid  has  600  lines  per  -m.  Scanning  or 


spectrum  was  produced  by  rotating  the  grid.  During 
work  in  the  infrared  region  of  the  a pectrua 
(0.7-i.i  u)  the  grid  worked  on  the  first  order,  to 
cut  the  spectrum  of  the  second  order  a  red  glass 
[KS-1]  (KC-i)  was  set  up  in  front  of  the  slot. 

The  dispersion  of  the  monochromator  was  22  X/a». 

After  exit  slit  the  light  strikes  the  sceen 
of  iaage  converter  [EOP]  (3011)  with  an  oxygen- 
cesiua  cathode.  The  glow  of  the  EOP  screen  in  the  blue  region  of  spectrum  was 
perceived  by  the  photo# lectronic  Multiplier  (  pm  J  (®0y )  of  brand  EMI  with  an 
antimony  cesium  cathode. 

Between  the  PM  cathode  and  the  EOP  screen  an  optical  contact  was  ensured  with 
help  of  a  special  light  conductor  8.  The  EOP  was  placed  in  a  refrigerator.  The 
dark  current  of  the  EOP  was  cold-treated  by  carbon  dioxide. 


The  output  signal  from  the  enlarger  after  amplification  was  recorded  by  the 
recorder.  The  installation  was  calibrated  in  absolute  units  with  the  help  of  a 
standard  lamp. 

The  spectra  of  twilight  sky  were  recorded  at  the  Pulkovsk  astronomical 
observatory  in  the  summer  of  196?  setting  angles  of  the  sun  on  the  horixor.  up  to 
t°.  The  obtained  spectrograms  were  corrected  for  spectral  sensitivity  of  the 
receiver  and  change  of  twilight  illuminance  during  the  time  of  recording,  and  w*  r< 
recalculated  in  absolute  nits. 


Figure  2  gives  the  typical  spectra  of  twilight  sky  in  absolute  units  for  a 
small  interval  of  angles  of  setting  (angle  e),  obtained  by  us  in  June  1963  In  the 
zenith,  on  the  spectra  absorption  bands  of  oxygen  and  water  vapor  are  clearly 
visible.  The  structure  of  the  bands  is  not  solved  possibly  because  of  the  great 
optical  thickness,  passed  by  the  rays. 

An  interesting  peculiarity  of  the  spectra  is  presence  of  peak  intensity 
twilight  sky  in  the  region  of  i  u,  comparable  in  magnitude  to  the  maximum  in  the 
region  of  0.7  u.  It  is  possible  that  the  first  maximum  is  caused  by  the  "flash" 
of  intrinsic  radiation  of  atmosphere  near  1  u  discovered  by  Ye.  D.  Sholokhova  and 
M.  S.  Frlsh  in  19551$.  The  obtained  infrared  spectra  in  western  horizon  essentially 
do  not  differ  from  the  spectra  of  zenith. 

One  should  consider  the  described  investigations  as  preliminary. 

This  work  was  carried  out  in  the  laboratory  of  Prof.  S.  P.  Rodionov,  to  whom 
the  author  expresses  sincere  gratitude  for  hla  constant  interest  and  leadership 
of  the  work. 
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PHASE  METHOD  OF  MEASURING  MAGNETIC  FIELD  OF  EARTH 
WITH  A  FJCLEAR-RESOKANCE  FILTER 


P.  M.  Borodin 

At  present  there  are  several  methods  of  continuous  measurement  of  the 
magnetic  field  of  earth  with  the  help  of  different  nuclear-resonance  generators, 
for  instance  [1,  2],  which  have  definite  advantages  over  the  others. 

In  these  the  methods  magnetic  field  Eq  is  measured  by  the  frequency  of 
generation  f0  according  to  the  ^relationship  known  in  nuclear  magnetic  resonance 

(1) 

where  -y  is  the  gyromagnetic  ratio  of  nuclei  of  sample  (usually  protons).  However, 
when  this  measuring  6mall  changes  the  earth's  magnetic  field  (£4.7)and  especially 
if  these  changes  have  a  short  period,  considerable  difficulties  appear,  connected 
with  the  necessity  of  thorough  treatment  of  oscillograms  and  continuity  of  the 
method  is  lost,  since  to  increase  the  accuracy  it  is  necessary  to  increase  the  time 
of  measurement,1  due  to  which  only  one  averaged  value  of  Hq  is  obtained. 

These  deficiencies  can  be  avoided  preserving  all  the  merits  nuclear-resonance 
methods  if  we  apply  the  phase  method  of  measuring  earth's  magnetic  field  with  the 
help  of  a  nuclear  resonance  filter  [YaPF]  (HP®);  for  this  any  device  can  be  used 


1Change  of  field,  AHQ  *  I7.,  as  is  evident  from  (1);  correspondingly 
Afp  =  0.04J  cps;  inasmuch  as  Af  =■  for  time  of  measurement  At  *  0.3  sec  the 

phase  advance  will  be  A<p  -  5°»  and  for  At  ■  3  sec,  A<p  -  50°* 


Fig.  1.  Change  of  amplitude  v  and  phase  * 
of  signal  of  precession  of  nuclei  at  the 
output  of  a  nuclear-resonance  filter,  a) 
is  amplitude -frequency;  b)  is  phase -frequency 
characteristics  of  nuclear-resonance  filter; 
v  is  the  frequency  of  the  external  crystal 

oscillator,  da  is  the  frequency  difference 
caused  by  the  modified  magnetic  field  of  earth 
>  AHq,  B  and  C  are  magnitudes  of  amplitude  and 

phase  on  the  output  of  the  nuclear-resonance 
filter,  corresponding  to  frequency  difference 
of  -A'J>  and  +AaJ. 

which  has  nuclear-resonance  characteristics  (Fig.  1)  with  fQ  proportional  to  Hq 
in  accordance  with  (1).  If  at  the  input  of  such  a  filter  we  apply  voltage  u  from 
an  external  stabilised  generator,  the  frequency  of  which  v  is  equal  the 

KB 

resonance  frequency  of  YaRF,  then  during  changes  of  the  earth's  magnetic  field 

during  appearance  of  frequency  difference  &xq(AHq) ,  the  amplitude  and 

phase  of  uM  on  the  output  of  the  filter  will  be  changed  proportional  to  AHQ  in 

accordance  with  Fig.  i.  Using  the  phase  shift  of  u  on  the  output  of  YaRF  in 

comparison  with  the  phase  of  u  on  its  input,  it  is  possible  to  more  exactly  and 

more  operationally  measure  the  relative  changes  of  the  earth's  magnetic  field  (with 

respect  to  Hq  ~  VKB)*  however,  we  consider  that  Hq  can  always  be  determined 

by  v  ,  then  this  method  in  principle  allows  us  to  produce  an  exact  measurement 
KB 

of  the  absolute  value  of  the  terrestrial  field. 

Aa  a  nuclear-resonance  filter  during  an  experimental  check  of  the  method  we 
used  a  Skripov  generator  [1]  with  broken  feedback,  the  input  of  which  are 
phasing  coils,  and  the  output,  a  receiving  coil  (regime  of  narrow-band  filter  [?]). 
The  phase  shift  obtained  during  change  of  the  earth's  field  was  measured  by  the 
diagram  of  Fig.  2,  i,e.,  by  Lias&jcus  figures  (roughly),  or  with  the  help  of  a  phase 
aetector1  with  subsequent  recording  on  an  automatic  recording  Instrument.  Exact 

iBefore  phase  detection  the  amplitude  was  limited, 
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trimming  of  under  frequency  of  crystal 
oscillator  J'KB  (installation  of  system  on  zero) 
was  carried  out  with  the  help  of  Helmholtz  coils 
or  a  sheet  of  light  sheet  iron,  transferred  at  a 


Fig.  2.  Block  diagram  of 
magnetometric  device.  1  - 
nuclear-resonance  filter 
(HK»  magnetizing  coil;  IIK, 
receiving  coil;  $>K,  phasing 
coil;  H,  pump;  M,  motor;  B, 
battery  24  v,  10  amp) ;  2  - 
oscillator  crystal 
(fKB  =  25°°  CP8);  3  -  phase 

detector;  4  —  self-recording 
instrument;  5  —  oscillograph. 


distance  of  1.5-3  m  from  the  receiving  coil. 

A  prolonged  check  in  field  conditions  of  such 
a  model  of  the  instrument  showed  that  its 
sensitivity  is  equal  to  0.1-0. 5  y.  Undistorted 
registration  of  signals  of  magnetic  disturbances 
is  ensured  when  they  are  t  Z  2  sec  long. 

The  simple  methods  of  recording  phase  shiftB 


applied  in  these  experiments  does  not  ensure 
linearity  during  recording  of  magnetic  disturbances  exceeding  several  gammas  (due 


to  nonlinearity  of  the  phase  characteristics  of  YaRF  and  the  phase  detector). 


Limits  of  applicability  of  such  a  variant  of  the  instrument  can  be  expanded  if 


decrease  the  steepness  of  phase  response  of  YaRF  clue  to  decreasing  the  time  of 


relaxation  T2  (it  is  of  course,  necessary  to  apply  a  special  phase  detector  or 
frequency  divider) ;  however,  this  will  lead  to  lowering,  the  sensitivity  of  the  method. 


A  more  coordinated  solution  of  this  problem 
is  using  the  YaRF  aB  a  zero-indicator.  With  such 
a  method  of  recording  magnetic  disturbances  the 
instrument  will  always  work  on  the  most  linear 
portion  of  phase  responses  of  the  YaRF  and  the  phase 


Fig.  3.  Block  diagram  of 
a  simple  magnetometric 
device  for  measurement  of 
slow  changes  of  the  earth's 
magnetic  field  of  Earth. 

1  -  r ur lear-resonance 
filter:  2  -  oscillator 
crystal;  5  —  Helmhultz  coll; 
4  -  milliammeter  with  zero 
intermediary;  5  - 
oscillograph. 


dector.  The  simplest  variant  of  an  instrument 
using  this  principle  can  be  built  according  to  the 
diagram  depicted  in  Fig.  3.  In  this  instrument, 
which  is  only  useful  for  measuring  slow  changes  of 
the  earth's  magnetic  field,  the  phase  shift  on 
the  YaRF  output  recorded,  e.g.,  according  to 


I.issajous  figure  on  oscillograph,  before  every  measurement  is  manually  established 


at  zero  with  the  help  of  rheostat  R,  which  varies  current  i  in  compensational 


coils  (3).  The  magnitude  of  current  Ai  will  be  proportional  to  *0  and  can  be 
calibrated  in  units  of  the  field.  The  limits  of  measurement  of  such  an  instrument 
can  be  expanded  any  amount  and  will  be  determined  only  by  the  construction  of  the 
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system  of  compensating  coils. 

If,  however,  the  phase  shift  YaRF  output  will  be  established  on  2eru 
automatically,  as  this  was  suggested  by  A.  V.  Mel'nikov,  then  the  instrument  (4) 
will  continuously  examine  the  changes  of  the  earth's  magnetic  field  l.e.,  in  this 
came  it  is  possibl.  to  record  both  slow  change  of  Hq  and  also  its  brief  variations 
at  any  magnitude  of 

In  designing  magnetometers  by  the  described  here  method  it  is  desirable  to 
apply  more  perfect  nuclear-resonance  filters  than  YaRF  according  to  the  diagram 
of  the  Skrlpov  generator,  for  instance  those  in  which  dynamic  polarization  of 
nuclei  is  used.  Taking  into  account  all  the  above -Indicated  recommendations  the 
instrument  can  huve  good  sensitivity  («0.1  -y) ,  high  noise  Immunity,  good  stability 
pf  zero,  will  not  require  exact  orientation  of  transducer  in  the  direction  Hq 
and  will  allow  both  continuous  measurement  of  short-period  variations  of  total 
vector  of  the  earth's  magnetic  field  and  also  recording  of  its  slow  changes. 

A.  V.  Mel'nikov  and  A.  A.  Morozov  took  part  in  an  experimental  check  of  the 
method;  to  them  I  express  my  sincere  gratitude. 
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SURFACE  STRUCTURE,  ELECTRICAL  AND  PHOTOEIECTRIC  PROPERTIES 
OP  THIN  LAYERS  OF  SULFUROUS  LEAD  OBTAINED 
BY  CATHODE  SPUTTERING 

R.  Ya.  Berlaga  and  M.  T. .  Rude  no'*. 

Photoconducting  and  photovoltaic  layers  of  PbS  are  usually  obtained  by 
chemical  method  or  sublimation  in  a  vacuum  on  solid  bases. 

In  this  work  we  give  the  results  of  investigating  the  electrical  and 
photoelectric  properties  and  structure  of  i oS  layers  obtained  by  cathode  sputtering. 

The  lead  sulfide  subjected  to  sputtering  was  prepared  by  heating  to  1100°C 
a  mixture  of  shavings  of  chemically  pure  lead  and  monoclinic  sulfur,  taken  in  a 
stoichiometrical  ratio.  The  mixture  of  sulfur  and  lead  was  placed  in  a  quartz 

_li 

test  tube,  which  was  evacuated  to  5*10  mm  Hg  and  soldered.  The  massive  ingot  of 
sulfurous  lead  obtained  after  heating  had  the  form  of  a  cylinder,  limited  on  the 
one  hand  by  a  hemisphere  and  capable  of  being  cracked  along  edges  of  crystals. 

Cathode  sputtering  of  PbS  was  produced  under  a  glass  bell  at  pressures  from 

-1  -2  o 

10  mm  Hg  to  5*10  mm  Hg  on  bases  of  glaBa  and  rock  salts,  heated  to  250-270  C. 

The  rate  of  vaporization  averaged  0,2  p  per  hour.  The  bases  were  placed  approximately 

3.5-4  cm  from  the  cathode. 

Structure  of  PbS  layers  obtained  by  this  method  turned  out  to  be  very  close 
to  the  structure  of  layers  obtained  by  evaporation  lr  a  vacuum.  A  large  part  of 
th<  layers  obtained  by  cathode  sputtering  did  not  have  noticeable  photoconductivity; 
the  greatest  photosensitivity  was  16#  at  illuminance  of  1200  lux.  The 
photot lectromotive  force  at  the  same  illuminance  attained  25  mv;  the  sign  of  the 
.'hoto  emf  did  not  depend  on  the  direction  of  light. 


Fig.  1. 
Temperature 
dependence  of 
conductivity 
of  thin  poly- 
crystallin* 

PM  layers 
obtained.  1  - 
cathode  sput¬ 
tering;  2  - 
evaporation  In 
a  vacuua. 


Fig.  2. 
Absorption 
spectrun  of 
thin  poly- 
crystalline 
FbS  layers 
obtained  by 
cathode  sput¬ 
tering. 


Fig.  3.  Electron-microscopic  photography  of 
a  profile  of  a  FbS  layer  obtained  by;  a) 
cathode  sputtering;  b)  evaporation  in  a 
vacuua. 


Conductivity  of  layers  in  the  process  of  high- temperature  treatment  changes 
just  as  the  conductivity  of  layers  obtained  by  evaporation  in  a  vacuum;  with  a 
temperature  rise  conductivity  decreases  attaining  a  minimum  (Fig.  1). 

Before  oxidation  the  layers  have  n-type  conductivity,  whose  character  after 
oxidation  changes,  it  becosws  p-type. 

The  activation  energies  calculated  from  the  temperature  dependence  of 
conductivity  for  layers  obtained  by  cathode  sputtering  and  vacuum  evaporation 
almost  coincided  and  are  0.39  end  0.37  ev  respectively. 

The  absorption  spectra  of  layers  obtained  by  these  methods  were  also  similar 
(Fig.  2).  Externally  these  layers  almost  did  not  differ. 

Depending  upon  the  rate  of  cathode  sputtering  the  layers  had  a  somewhat 
different  form,  light-gray  mirror,  sometimes  with  a  blui3h  nuance  or  dark-grey  or 
even  dull-black. 

As  electron-microscopic  examination  with  the  help  of  the  method  of  profile 
photographs  showed,  on  the  surface  of  dull,  dark-gray  and  black  layers  there  are 
protrusions  different  in  form.  Figure  3  gives  profile  photographs  of  layers 
obtained  by  cathode  sputtering  and  evaporation,  and  Fig.  4  is  photographs  of  the 
surface . 

The  electron  diffraction  patterns  obtained  during  reflection  of  electron  beam 
from  the  surface  of  layer  sputtered  on  a  hot  base  had  a  form  typical  for 
polycrystalline  layers. 

By  sputtering  R»S  on  a  chip  of  rock  salt  we  ootained  a  single  crystalline 
film  that  one  could  see  from  electron  diffraction  patterns  obtained  during  passage 
of  an  electron  beam  through  a  thin  FbS  layer  (Fig.  5). 


Fig.  4.  Electron-microscopic  photography 
of  the  surface  of  PbS  layers  obtained  by: 
a)  cathode  sputtering;  b)  vacuum 
evaporation. 


Fig.  5.  Electron  diffraction 
patterns  of  PbS  films  obtained 
by  cathode  sputtering:  a) 
on  a  glass  base;  b)  on  a  chip 
of  rock  salt. 


From  the  performed  investigations  one  can  note  that  cathode  spattering 
produces  polycrystalline  layers,  very  similarly  in  their  properties  and  structure 
to  layers  obtained  by  vacuum  evaporation.  For  an  oriented  effect  of  the  base, 
sputtering  on  a  chip  of  rock  salt,  we  obtained  single  crystalline  films. 

From  electron-microscopic  examinations  it  is  clear  that  the  grain  of  the  layer 
do  not  have  a  sufficiently  clear,  well  faceted  form,  as  thiB  is  observed  during 
vacuum  evaporation.  The  photoelectric  properties,  photoconductivity  and  photo 
emf,  for  layers  obtained  by  cathode  sputtering  are  either  absent  or,  if  present, 
then  they  &re  lower  than  for  layers  coated  in  a  vacuum. 

Diploma  candidate  L.  I.  Meshcherskaya  participated  in  the  work. 
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A'/Ei  /Vir  !:r  AT  CAPACITY  OP  SOLID  FegO^  -  AlgOj  SOLUTIONS 
AT  HEIGHTENED  TEMPERATURES 

Yu.  G.  Popov 

For  -ertain  compounds  of  variable  composition  (titanium  oxide  [1],  vanadium 
oxide  [2]  and  nickel  telluride  (3])  it  has  been  shown  that  the  average  heat 
capacity  is  a  linear  function  of  the  index  for  the  nonmetalllc  element  in  the 
formula  of  the  compound  (within.  limits  of  the  region  of  homogeneity).  In  a  number 
of  cases  the  averse  heat  capacity  of  substances  being  within  limits  of  region  of 
homogeneity  is  additively  composed  of  the  heat  capacities  of  the  corresponding 
stoichrometricai  compounds  ( titanium  oxide,  nickel  telluride),  in  case  of  vanadium 
xide  a  considerable  deflect  ion  from  values  corresponding  to  eddltive  composition 
occurs. 

For  solid  solutions  of  oxides  of  the  type  of  isomorphic  substitution  data 
•bout  avenge  at  capacity  are  apparently  absent.  At  th^  r'ame  time,  they  are 
r  consist  rat  It  interest  in  connection  with  importance  of  evaluating  the  value  of 
t\  none nr.f  if  u rational  components  of  charge  of  thermodynamic  potential  during 
■\  rm-tfio!.  of  soiid  ;l’  itiono  and  it.  connection  with  the  fact  that  heat  capacity  is 
a  structurally  sensitive  property.  This  work  is  dedicated  to  an  investigation  of 
the  d.  pel  !•!■  ■.  f  average  heat  -spaclty  a  composition  in  a  PegD,  -  syatra 

at  hr  if hte ned  temperatures. 

'did  sc  l  at  ions,  *  obtaining  0.  3,  t>,  10,  50,  65,  78,  8?,  86,  dO,  ye,  )7  and 
1,,  bo U ;  w*‘  i  uf  Fr  were  prepared  iros  nitrates  of  trivalent  !rw.  and  aluminur 
?uali!  '.“at  ten  pure  ; ar.wlyalsd  .'elution*  o:  these  salts  /  'or.cei.t ratio?  of 

.  ,  .u  v  >  t  >.t  ilsheu  j  vuiuae  method  r.  r-  1 j  '•  tn<-  A  i .  A  ,  • 


solution  by  the  weight  method  [4  p.  338J)  were  mixed  in  appropriate  ratios. 

After  coprecipitation  of  hydroxides  by  the  effect  of  NH^OH  the  filtered  and 
dried  deposits  were  heated  8-10  hours  at  600-700°C  in  air,  and  then  at  ii00°c 
in  a  current  of  oxygen.  As  a  result  of  120  hour  heat  treatment  at  this  temperature 
preparations  containing  0,  3#  6,  78.  82,  86,  90,  94,  97  and  100  molecular  f  of 
P*2°3  according  to  roentge nographic  investigation  turned  out  to  be  single-phase 
with  a  grid  of  the  a-Al^O^  type. 

Preparations  containing  10,  50  and  65  molecular  %  of  Fe20^  turned  out  to  be 
two-phase.  The  positions  of  boundaries  of  two-phase  regions  were  estimated  as 
9  1  1  and  77  t  1  molecular  %  PegO^,  which  agrees  with  the  results  of  work  [5). 

The  average  heat  capacity  in  the  1056«298°K  interval  waa  determined  on  the 
installation  described  earlier  [1].  The  thermal  value  of  calorimeter  was 
established  by  the  electrical  method. 
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In  calculation  one  calorie  was  taken  as  equal  to  4.1840  abe  joules.  The 
divergence  between  separate  experiments  did  not  exceed  Q.3£  and  when  using  different 
weighed  samples,  50*  and,  as  t  rule,  it  was  smaller. 

Results  of  determinations  of  enthalpy  of  preparations  are  given  in  tne  table 
(for  different  weighed  samples  of  preparations  of  identical  composition  the 
results  are  averaged). 

The  magnitude  of  enthalpy  of  pure  a-corundu*  is  in  satisfactory  conformity  wit-, 
the  magnitude  obtained  in  work  [6]  (divergence  is  0.2*).  For  a-FegO^  fhe  data 
obtained  in  this  work  differ  by  1.2*  from  the  data  offered  in  work  {7}. 

The  figure  depicts  the  dependence  of  enthalpy  of  solid  Fe^O,  —  ALgC,  solutions 
on  composition. 

In  the  single-phase  regions  enthalpy  (average  heat  capacity)  is  a  linear 
function  of  composition.  The  maximum  deflection  •" roa  the  averaged  straight  lines 

does  not  exceed  0.5*. 

The  positions  of  boundaries  of  the  two-phase  region,  ensuing  from  the  form  02 


dependence  of  en»..alpy  on  composition,  agree  with  the 
positions  of  boundaries  determined  from  the 
roentgenographic  data. 

The  deflection  of  magnitudes  of  the  average  heat 
capacity  of  solid  solutions  from  values  obtained  by 
means  of  additive  composition  of  the  average  heat 
capacity  of  a-Al^O^  and  a-FegO^  is  rather  considerable, 
attaining  at  9  molecular  %  of  FegOj  1%  and  at  77 
molecular  %  of  F*2°3  3.5#,  which  correspond  to 
defections  in  magnitudes  of  enthalpy  by  200  and  6b 0 
cal  respectively. 

Thus,  the  contribution  of  nonconfigurational 
components  to  the  magnitude  of  thermodynamic  potential 
of  the  formation  of  solid  solutions  of  oxides  of 
isomorphic  substitution  can  be  sufficiently  noticeable. 

Heat  capacity,  especially  c  ,  even  at  heightened  temperatures\s  a  structurally 
sensitive  porperty;  this  especially  follows  from  data  obtained  in  thiB  work  (see 
figure) . 

Correspondingly,  the  linear  dependence  of  cp  on  composition  within  limits  of 
the  region  of  homogeneity,  i.e.,  equality  of  the  average  heat  capacity  of  solid 
solutions  to  the  average  heat  capacity  of  mechanical  mixture  (the  same  gross- 
composition  )  of  extreme  compositions  (corresponding  to  pure  component  and  a  solid 
solution,  corresponding  to  the  boundary  of  solubility),  gives  a  definite  base  for 
assuming  that  solid  FegC*  -  A igQ-j  solutions  have  a  s^bmicro-nonunlfcrm  structure, 
i.e.,  that  there  is  a  known  segregation  of  aluminum  and  iron  atoms  in  them. 

Conclusions 

1.  The  average  heat  capacity  of  preparations  of  a  Fe~0^  -  A1,,0X  system  wa 
determined  in  the  temperatures  interval  of  lQ5o-29S0K. 

It  was  6hown  that  in  single-phase  regions  the  average  heat  -'opacity  1;  a 
lln«-‘-.r  function  cf  composition. 

3.  The  auouaption  is  made  Chat  solid  PegO^  ~  solutions  have  s 

sul'Ri  to -nor. uniform  structure. 

Ir.  ror. -fusion  the  author  taxes  this  opportunity  to  thank  S.  V.  Ariya  for 
dir«  -tic:  '  this  work  and  colleague  of  laboratory  of  roentgenography ,  I.  T.  *cshir.. 


Dependence  of  enthalpy 

of  solid  Feo0,  —  Aio0, 

<■  J  c-  J 

solutions  on  composition. 
Dotted  lines  show  the 
boundaries  of  the  two- 
phase  region. 


for  help  in  the  roentgenographic  part  of  tne  work. 
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ON  C HLORONIOBATES  OF  ALKALI  METALS  WITH  COMPOSITION 
OF  Me^NbOCl5 

Ye.  K.  Smirnova  and  I.  V.  Vasil' kova 

In  1907  an  article  [1]  wa3  published  about  the  production  of  anhydrous 
chloronib&tes,  RbgHbCl^  and  CSgNbOCl^,  by  pouring  hydrochloric  acid  solutions  of 
niobium  oxychloride  and  chlorides  of  alkali  metals  and  subsequent  saturation  of  the 
solution  by  hydrogen  chloride  at  0°C. 

Investigation  of  systems  NbOClj  chlorides  of  alkali  metals  with  the  help  of 
thermographic  analysis  [2,  3]  showed  that  KgNbOCl^  melts  lncongruently  at  486°C 
and  RbgtibOCl^  and  CSgNbOCl^  melt  congruently  at  616  and  642°C  respectively. 

We  first  obtained  the  given  compounds  from  a  melt  by  means  of  alloying 
stoicaiometrlcal  quantities  of  niobium  oxychloride  and  chlorides  of  alkali  metals 
under  conditions  fixed  by  thermal  analysis  [2,  3].  lncongruently  melted  KgNbOCl^ 
was  obtained  by  heating  a  mixture  of  the  initial  chlorides  in  a  soldered  evacuated 
ampule  of  [P-15]  (0-15)  glass  at  a  temperature  somewhat  lower  than  the  temperature 
of  peritectic  reaction  of  transformation  for  25-30  hours  and  subsequent  slow 
cooling.  Congruently  melted  RbgNbOClg  and  CSgNbOCl^  were  obtained  by  alloying 
the  initial  chlorides  in  soldered  under  vacuum  (evacuated)  quartz  ampules  at  a 
temperature  somewhat  higher  than  the  temperature  of  fusion  of  the  salt  for  20-25 
hours. 

The  obtained  samples  of  all  salts  are  colored  a  lilac  color.  They  are  stable 
in  an  atmosphere  of  dry  air;  on  humid  air  they  are  subjected  to  hydrolisis  with 
hydrogen  chloride  given  off;  they  are  decomposed  by  water;  in  this  niobic  acid  is 


deposited: 


*4  moa, + m*>  «•  KkiO,«f +Wa+ shci 

From  the  literature  it  is  known  that  (NH^^NbOCl^  is  isomorphic  with 

(M^)gTiClg  Mid  is  crystallized  in  a  cubic  system  of  the  KgPtClg  type.  We  «ng*foo+ 

that  oxynldates  of  potassium,  rubidium  and  cesium  also  have  a  similar  structure. 

Fowdergraas1  taken  from  these  products  confirm  this. 

,  RbgMbOClj  and  CSgNbOCl^  are 
c 

A  respectively. 

Thus,  the  structure  of  the  investigated  compounds  consists  of  octahedrons, 
9bOCl,j  ,  and  ions  of  alkaline  metals.  The  first  are  located  in  nodes  of  face- 
centered  cubic  grids,  the  second  on  physical  diagonals  of  the  cube. 


The  dimensions  of  a  cubic  cell  for  KgNbOCl^ 
9.815  t  0.001  A,  10.00  i  0.01  A  and  10.29  1  0.01 


••«SK±«N 
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1The  powdergrams  were  taken  on  a  [URS-50-I]  (JTC-50-H)  diffractometer  on  CuKz- 

radlation.  Samples  were  pulverized  in  a  dry  chamber  and  were  flooded  with  oil, 
v<hich  gave  protection  form  the  influence  of  atmospheric  moisture  during  the  survey. 
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APPLICATION  OF  ULTRASONICS  TO  ACCELERATE  QUANTITATIVE 
DEPOSITION  OF  CALCIUM,  MAGNESIUM 
AND  BARIUM 

V.  V.  Vasil' yev  and  I.  L.  Sit'ko 

To  solve  different  analytic  problems  we  frequently  resort  to  deposition  of 
ions  in  the  form  of  poorly  soluble  substances.  The  ba  ic  deficiency  of  this 
operation  is  its  duration. 

It  is  natural  to  assume  that  ultrasonics,  acting  through  the  bottom  of  retort 
on  the  unstable  system  of  the  deposit  a  supersaturated  solution,  will  promote  the 
fastest  achievement  of  equilibrium  between  liquid  and  solid  phases. 

Ultrasonics  has  huge  number  of  applications  of  the  most  various  character 
[1],  Its  influence  is  not  only  mechanical  (splitting,  mixing,  dispersion, 
coagulation,  purification,  washing  and  so  forth) ,  but  it  also  stimulates  the 
chemical  processes  (oxidation  -  restoration,  hydrolisis,  de polymerization, 
synthesis  of  certain  substances  and  so  forth).  Its  application  in  defectoscopy, 
measuring  layer  thickness  and  reservoir  depth  and  so  forth  are  widely  known. 

For  a  long  time  ultrasonics  was  used  to  analyze  solutions  and  gas  mixtures; 
the  concentration  of  one  or  another  component  is  Judge  by  the  change  in  the  speed 
of  ultrasonics  or  its  damping  (1,  2j.  However,  these  apparently  by  far  do  not 
exhaust  the  possibility  of  applying  ultrasonics  in  analytic  chemistry.  We  have 
used  ultrasonics  in  phase  chemical  analysis  of  ores  (3,  4).  It  was  established 
that  under  the  Influence  of  ultrasonics  the  time  necessary  for  full  extraction  of 
a  number  of  lead  and  copper  minerals  by  selective  solvents  is  decreased  many 


To  .clarify  the  expediency  of  using  ultrasonics  in  weight  chemical  analysis1 
to  accelerate  full  settling  in  the  deposit  of  a  poorly  soluble  substance,  we 
selected  the  widely  known  and  long  ago  applied  reactions  of  deposition  of  barium 
in  the  form  of  %  sulfate,  calcium  in  the  form  of  an  oxalate  and  magnesium  in  the 
tom  Of  *  double  phosphate  of  magnesium  and  ammonium.  In  Just  these  cases,  as  in 
many  other,  for  ripening  of  deposit  and  full  deposition  of  the  determined  ion 
prolonged  standing  of  the  deposit  with  the  mother  liquor  and  heating  or  leaving 
it  over  night  before  filtration  la  necessary. 

Deposition  of  ions  of  barium,  calcium  and  magnesium  in  the  form  of  the  shown 
poorly  soluble  substances  was  produced  by  the  usual  means,  where  deposit  before 
filtration  was  sustained  with  the  mother  liquor  for  the  recommended  period  of  time 
or  was  left  to  the  following  day  [5,  6].  Deposition  of  the  same  ions  was  conducted 
so  that  upon  adding  a  solution  of  reagent  of  the  precipitator  the  deposit  with 
mother  liquor  was  subjected  to  the  influence  of  ultrasonics  for  five  minutes  with 
all  other  conditions  of  this  method  of  deposition  being  equal.  Filtration 
followed  immediately  after  the  influence  ultrasonics,  i.a.,  endurance  with  mother 
liquor  was  not  produced. 

For  this  work  we  applied  a  pietocryetal  vibrator  operating  with  frequency 
of  *>40  kilocycles.  An  electric  generator  with  power  of  0.75  kilowatts  was  hooked 
up  to  a  [GU”8cj  (ry-80)  lamps.  The  anode  voltage  was  2  fcv  and  plate  current  was 
0.32  amp  (with  the  exception  of  experiments  with  barium  sulfate  where  the  plate 
current  was  0.10*0.12  <u&p) .  Ultrasonic  vibrations  from  picrocryatal  vibrator  were 
transmitted  to  the  transformer  oil  surrounding  it;  a  30C  si  conical  retort 
containing  the  reaction  mixture  was  dipped  1  cm  into  the  oil.  The  hole  of  the 
retort  was  closed  by  a  funnel. 

Deposition  of  Calcium  in  the  Form  of  an  Oxalate 

The  initial  *ub stance  for  all  experiments  in  depositing  calcium  oxalate 
was  a  big  crystal  of  synthetic  caicite;  its  calcium  carbonate  content  was  close 
to  iOO^.  A  weighed  sample  of  CaCO^  was  put  into  solution  with  a  minimum  quantity 
of  dilute  hydrochloric  acid. 

jtetePtetia a  aLsateim*  To  determine  eaiciua  without  the 

lHere  we  are  actually  speaking  about  deposition  of  a  poorly  soluble  substance; 
the  final  determination  does  not  have  to  be  by  weight  (e.g„,  volume  or  compiexmeteric 
determination  of  calcium  after  its  deposition  «n  the  form  of  CaC^O^) . 


influence  of  ultrasonics  we  applied  the  usual  method  [5,  6],  according  to  which, 
after  adding  the  reagent,  the  deposit  (CaCgO^)  was  sustained  with  the  mother 
liquor  at  85-90°C  for  1.5  hours1  or  was  left  till  the  following  day. 

Under  the  influence  of  ultrasonics  deposition  was  conducted  by  the  usual 
means,  except  that  after  pouring  the  solution  of  ammonium  ox&l&te  the  deposite  of 
CaCgOjj  with  the  mother  liquor  was  subjected  to  the  influence  of  ultrasonics  for 
5  minutes,  after  which  followed  filtration.  The  calcium  content  in  separate  tests 
varied  from  210  to  41  mg. 

The  following  results  were  obtained: 

Upon  heating  the  deposit  with  the  mother  liquor  at  85~90°C  for  1.5  hours 
six  parallel  determinations  of  calcium  gave  an  average  of  99.7#  4  0.03. 

Upon  leaving  the  deposit  with  the  mother  liquor  til  the  following  day  six 
parallel  determinations  of  calcium  gave  on  average  of  99.7#  ±  0.0 6. 

Finally,  after  a  five-minute  effect  of  ultrasonics  twenty  parallel 
determinations  of  calcium  gave  an  average  of  99.8#  t  0.02. 

Weight  determination  of  calcium.  After  deposition  of  CaCgC^  by  the  usual 
means  with  a  half-hour  endurance  of  the  deposit  85-90°C  before  filtration  on  the 
one  hand,  and  deposition  of  it  after  a  five-minute  effect  of  ultrasonics  on  the 
other,  calcium  was  determined  by  weight  (form  of  weighing,  CaO).  The  calcium 
content  in  separate  tests  varied  from  50  to  100  mg. 

The  following  results  were  obtained: 

Six  parallel  determinations  of  calcium  without  ultrasonics  gave  an  average 
of  99.9#  ±  0.01. 

Six  parallel  determinations  of  calcium  under  the  influence  of  ultrasonics 
gave  an  average  of  99*9#  ±  0.02. 

Tribonometrle  determination  of  calcium.  Finally,  calcium  was  precipitated  in 
the  form  of  an  oxalate  with  final  trilonometric  t'tratlng.  The  calcium  content  in 
separate  tests  varied  from  50  to  80  mg. 

After  deposition  of  CaCgO^  without  ultrasonics  (1.5  hour  endurance  at  85-90°C) 
six  parallel  determinations  of  calcium  gave  an  average  of  100. 0$  i  0,01, 


1Wlth  a  half-hour  heating  of  the  deposit  6  determinations  of  calcium  gave  an 
•iverage  of  98.2#  ±  0.1.  Thus,  far  from  full  deposition  is  observed  here. 
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Six  parallel  determinations  of  calcium  under  the  effect  of  ultrasonics  also 

gave  an  average  of  100.0$  ±  0.02. 

Deposition  of  Magnesium  in  the  Fora  of  a  Double  Phosphate 
of  Magnesium  "and  Ammonium 

Magnesium  was  precipitated  in  the  form  of  MgNH^PO^  by  the  usual  means,  l.e., 
with  leaving  the  deposit  for  5  hours,  after  which  followed  overdeposition  and 
again  leaving  it  for  16  hours.  Finally,  the  deposit  was  heated  and  weighed  in  , 

the  form  of  a  pyrophosphate.  Parallel  deposition  was  conducted  with  a  five-minute 

■a 

effect  of  ultrasonics,  after  which  followed  filtration,  then  overdeposition  with  a 
five-minute  effect  of  ultrasonics  and  then  the  deposit  was  lmmed:  vtely  filtered. 

The  magnesium  content  in  separate  tests  varied  from  5  to  12  mg. 

The  following  results  were  Obtained: 

Without  ultrasonics  twelve  parallel  determinations  of  analytically  pure 
preparation  of  magnesium  sulfate  (standard  from  set  for  trilonometry)  gave  an 
average  of  99*9$  *  0.04. 

With  the  effect  of  ultrasonics  twelve  parallel  determinations  gave  an  average 
of  99.0*  *  0.0?. 

Determining  Barium  in  the  Form  of  a  Sulfate 

For  this  work  we  took  a  weighed  sample  of  BaCl2*2H20.  Barium  sulfate  was 
precipitated,  as  usual,  with  subsequent  endurance  of  deposit  with  the  mother 
liquor  for  3  hours  at  85-90°C,  after  which  followed  filtration,  etc.,  [6],  In 
the  other  series  of  experiments,  after  adding  to  the  hydrochloric  acid 

solution  of  barium  chloride,  the  deposit  of  barium  sulfate  with  the  mother  liquor 
was  subjected  to  a  five-minute  effect  of  ultrasonics,  alter  which  filtration 
followed  immediately.  The  content  of  barium  in  separate  tests  varied  from  70  to 
160  mg. 

The  following  results  were  obtained: 

Kine  determinations  of  barium  without  application  of  ultrasonics  gave  an  average  » 

content  of  dihydrate  of  barium  chloride  of  i  0.02, 

After  the  effect  of  ultrasonics  twelve  parallel  determinations  gave  an  average  > 

content  of  pure  substance  in  the  preparation  cl  99,6$  t  0.03. 

Conclusions 

1*  was  determined  that  with  quantitative  determinations  of  barium,  calcium 
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and  magnesium,  anticipating  their  preliminary  deposition  in  the  form  of  barium 
sulfate,  calcium  oxalate  and  double  phosphate  of  magnesium  and  ammonium,  for 
practically  full  settling  of  these  ions  in  the  deposit  a  five-minute  effect  of 
ultrasonics  on  the  deposit  with  the  mother  liquor  is  sufficient,  instead  of  prolonged 
endurance  of  the  deposit  with  the  mother  liquor  during  heating,  or  leaving  them  til 
the  following  day  before  filtration. 

The  observed  facts  can  apparently  be  a  nevr  useful  application  of  ultrasonics 
in  analytical  chemistry. 


Hm  Mi  m  Mm  m»  ispllcittoii  of  la  MulytSeM  dMriMn  mm  gt*m  la 

*Ma  pmm-  In  mIm  aMranak  tndfHMkm  ol  anrlna  tatafeaM.  MagaraMa 

<ad  Maaaaiua  ttphnfh***  ■**  eikMaa  ouMM  aiy  W  adHmH  far  Mm  aMaatu 
imteM  «f  koftliy  txpotmt  <i  Hm  pradpHate  vtth  an« Mr  U^aor  la  haaNag  m  kaaiag 
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